12 United States Patent

Rogers et al.

US012439959B2

US 12,439,959 B2
Oct. 14, 2025

(10) Patent No.:
45) Date of Patent:

(54) AEROSOL DELIVERY DEVICE INCLUDING
A CONTROL BODY, AN ATOMIZER BODY,
AND A CARTRIDGE AND RELATED
METHODS

(71) Applicant: RAI Strategic Holdings, Inc.,
Winston-Salem, NC (US)

(72) Inventors: James William Rogers, Cornelius, NC
(US); Noah Mark Minskoff, Palo Alto,

CA (US)

(73) Assignee: RAI STRATEGIC HOLDINGS, INC.,
Winston-Salem, NC (US)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 0 days.

(21)  Appl. No.: 18/539,673

(22) Filed: Dec. 14, 2023

(65) Prior Publication Data
US 2024/0180238 Al Jun. 6, 2024

Related U.S. Application Data

(63) Continuation of application No. 17/582,683, filed on
Jan. 24, 2022, now Pat. No. 11,986,012, which 1s a

(Continued)
(51) Int. CL
A24F 40/42 (2020.01)
A24F 1/00 (2006.01)
(Continued)
(52) U.S. CL
CPC ..., A24F 1/00 (2013.01); A24F 40/42
(2020.01); A24F 40/485 (2020.01);
(Continued)

(38) Field of Classification Search
CPC ......... A24F 40/485; A24F 40/42; A24F 40/10
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

11/1924 Wilson
7/1930 Wyss

(Continued)

1,514,682 A
1,771,366 A

FOREIGN PATENT DOCUMENTS

AU 276250 7/1965
CA 2641869 5/2010
(Continued)

OTHER PUBLICAITONS

International Search Report i1ssued Jan. 30, 2019 in International
Patent Application No. PCT/IB2018/057887 filed Oct. 11, 2018.

Primary Examiner — Abdullah A Riyami

Assistant Examiner — Thang H Nguyen

(74) Attorney, Agent, or Firm — Womble Bond Dickinson
(US) LLP

(57) ABSTRACT

The present disclosure relates to aerosol delivery devices.
The aerosol delivery devices may include a control body, an
atomizer body including an atomizer, and a cartridge includ-
ing a reservoir configured to contain an aerosol precursor
composition. The control body may be configured to releas-
ably engage the atomizer body and the atomizer body may
be configured to releasably engage the cartridge. The atom-
1zer may be configured to receive an electrical current from
the control body and the aecrosol precursor composition from
the cartridge to produce an aerosol.

30 Claims, 28 Drawing Sheets

S wrem mrwyfLEmrLr]

S

:“" . | ”?gg




Page 2

US 12,439,959 B2

Related U.S. Application Data

continuation of application No. 16/866,161, filed on
May 4, 2020, now Pat. No. 11,266,178, which 1s a
continuation of application No. 15/782,543, filed on

Oct. 12, 2017, now Pat. No. 10,660,3770.

(51) Int. CL

A24F 40/10

A24F 40/485

A6IM 11/04
A6IM 15/00
A6IM 15/06
HO5B 3/46

A24F 40/44
A24F 40/50

(56)

(52) U.S. CL
CPC ...

(2020.
(2020.
(2006.
(2006.
(2006.
(2006.
(2020.
(2020.

01
01
01
01
01
01
01
01

I e N e ey

A6IM 11/042 (2014.02); A61IM 15/00

(2013.01); A6IM 15/06 (2013.01); HO5SB 3/46
(2013.01); A24F 40/10 (2020.01); A24F 40/44

2,057,353
2,104,266
3,200,819
3,479,561
4,284,089
4,303,083
4,735,217
4,848,374
4,907,606
4,922,901
4,945,931
4,947,874
4,947,875
4,986,286
5,019,122
5,042,510
5,000,671
5,093,804
5,144,962
5,249,586
5,201,424
5,322,075
5,353,813
5,309,723
5,372,148
5,388,574
5,408,574
5,468,936
5,498,850
5,515,842

5,530,225
5,564,442
5,649,554
5,660,977
5,687,746
5,720,421
5,727,571
5,743,251
5,799,603
5,819,756
5,805,185
5,805,186
5,878,752
5,894,841
5,934,289

(2020.01); A24F 40/50 (2020.01); A6IM

2205/8206 (2013.01); A6IM 2207/00

References Cited

U.S. PATENT DOCUMENTS

D iV gV i iV N S S P iV gV SV i GV i S Y VgV P R e b i GV Y gl i P

10/1936
1/1938
8/1965

11/1969
8/1981

12/1981
4/1988
7/1989
3/1990
5/1990
8/1990
8/1990
8/1990
1/1991
5/1991
8/1991

10/1991
3/1992
9/1992

10/1993

11/1993
6/1994

10/1994

11/1994

12/1994
2/1995
4/1995

11/1995
3/1996
5/1996

6/1996
10/1996
7/1997
9/1997
11/1997
3/1998
3/1998
4/1998
9/1998
10/1998
2/1999
2/1999
3/1999
4/1999
8/1999

Whittemore, Jr.
Mccormick

Gilbert

Janning

Ray

Burruss, Jr.
Gerth et al.
Chard et al.
Lilja et al.
Brooks et al.

Gorl

Brooks et al.
Brooks et al.
Roberts et al.
Clearman et al.

Curtiss
Counts

et al.
et al.

Sekiguchi et al.

Counts

et al.

Morgan et al.
Sprinkel, Jr.
Deevi et al.
Deevi et al.

Counts
McCaft

et al.

erty et al.

Ingebrethsen
Deevi et al.
Deevi et al.

Das

Ramsever .........

Hajaligol

MacDonald et al.

Sprinkel et al.
Higgins et al.
Rose et al.

Fleischhauer et al.

Meiring et al.
Howell et al.
Gross et al.
Mielordt

Collins et al.

Volsey,
Adams
Voges

I1
et al.

Watkins et al.

(2013.01)

A61IM 15/0085
128/200.14

5,954,979
5,967,148
6,040,560
6,053,176
0,089,857
6,095,153
0,125,853
0,155,268
0,164,287
6,196,219
0,496,218
0,598,007
6,601,776
0,615,840
0,688,313
6,772,756
0,803,545
0,854,461
0,854,470
7,117,867
7,293,565
7,513,253
7,775,459
7,832,410
7,845,359
7,896,006
8,127,772
8,314,591
8,305,742
8,402,976
8,499,760
8,528,509
8,550,069
8,851,081
9,717,276
9,901,118
10,085,485
10,179,690
10,201,189
11,589,610
2002/0146242
2003/0226837
2004/0118401
2004/0129280
2004/0200488
2004/0226568
2005/0016550
2006/0016453
2006/0196518

2007/0074734
2007/0102013
2007/0215167
2008/0085103
2008/0092912
2008/0257367
2008/0276947
2008/0302374
2009/0095311
2009/0095312
2009/0126745
2009/0188490
2009/0230117
2009/0272379
2009/0283103
2009/0320863
2010/0043809
2010/0083959
2010/02000006
2010/0229881

2010/0242974
2010/0307518
2010/0313901
2011/0005535
2011/0011396
2011/0036363
2011/0036365
2011/0094523
2011/0126848

P g g v v S

AN AN NS AN A A ANAAAA AN A AN AA A A A AN A A AN A A A

9/1999
10/1999
3/2000
4/2000
7/2000
8/2000
10/2000
12/2000
12/2000
3/2001
12/2002
7/2003
8/2003
9/2003
2/2004
8/2004
10/2004
2/2005
2/2005
10/2006
11/2007
4/2009
8/2010
11/2010
12/2010
3/2011
3/2012
11/201
2/201
3/201
8/201
9/201
10/201
10/201
8/201
2/201
10/201
1/201
2/2019
2/2023
10/2002
12/2003
6/2004
7/2004
10/2004
11,2004
1/2005
1/2006
9/2006

OO0 00 =1 L W L W W LI b

4/2007
5/2007
9/2007
4/2008
4/2008
10/2008
11/2008
12/2008
4/2009
4/2009
5/2009
7/2009
9/2009
11/2009
11/2009
12/2009
2/201
4/201
8/201
9/201

9/201
12/201
12/201

1/2011

1/2011

2/2011

2/2011

4/2011

6/2011

e e e Y e e J e J

Counts et al.
Harris et al.

Fleischhauer et al.

Adams et al.

Matsuura et al.

Kessler et al.
Susa et al.
Takeuchi
White

Hess et al.

Takigawa et al.

Adiga et al.
Oljaca et al.
Fournier et al.
Wrenn et al.
Shayan

Blake et al.
Nichols et al.
Pu

Cox et al.

Griffin et al.
Kobayashi et al.
Martens, III et al.
Hon

Montaser

Hamano et al.

Montaser

Terry et al.

Hon

Fernando et al.

Newton

Newton

Alelov

Fernando et al.

Brammer ................ A24F 40/44
' HOIR 13/17
HOSB 1/0227
B65D 83/425
HO5SB 1/0227
Lahoud ................... A24F 40/10
Vielra

Blake et al.

Smith et al.

Woodson et al.

Felter et al.

Takeuchi et al.

Katase

Kim

tttttttttttttttttttttttt

A24B 15/167

131/347
Braunshteyn et al.
Adams et al.
Llewellyn Crooks et al.
Beland et al.
Robinson et al.
Paterno et al.
Martzel
Wengert et al.
Han
Herbrich et al.
Hon
Han
Fernando et al.
Thorens et al.
Nielsen et al.
Fernando et al.
Magnon

Siller
Robinson et al.
Hearn

Pan

Wang
Fernando et al.
Xiu

Fang

Urtsev et al.
Chong et al.
Thorens et al.
Zuber et al.



US 12,439,959 B2

Page 3
(56) References Cited 2016/0007651 Al1* 1/2016 Ampolini ................ A24F 40/65
131/328
U.S. PATENT DOCUMENTS 2016/0007654 Al*  1/2016 ZhU ..oovovvveeveeeernn, A24F 40/42
131/328
2011/0155153 Al 6/2011 Thorens et al. 2016/0037826 Al 2/2016 Hearn et al.
2011/0155718 Al 6/2011 Greim et al. 2016/0106936 Al* 4/2016 Kimmel ................ A24F 40/485
2011/0168194 A1  7/2011 Hon 392/404
2011/0265806 Al  11/2011 Alarcon et al. 2016/0192708 Al* 7/2016 DeMeritt ....ocoovo...... HO5B 3/40
2011/0309157 Al  12/2011 Yang et al. 392/390
2012/0042885 Al 2/2012 Stone et al. 2016/0249684 A1*  9/2016 LiU .oovevvevvoeoniin., HO5B 3/0014
2012/0060853 Al 3/2012 Robinson et al. 131/328
2012/0111347 Al 5/2012 Hon 2017/0270730 Al 9/2017 Johnson et al.
2012/0132643 Al 5/2012 Chot et al. 2017/0280775 A1 10/2017 Manca et al.
2012/0227752 Al 9/2012 Alelov 2017/0340011 Al* 11/2017 Batista .....cceovene..... A24F 40/46
2012/0231464 Al 9/2012 Yu et al. 2018/0132532 Al* 5/2018 Batista ....ccovevee.... A24F 40/46
2012/0260927 Al 10/2012 Liu 2020/0037665 Al*  2/2020 MelzZi ..oovvvvevvenn... A24F 40/46
2012/0279512 A1 11/2012 Hon
2012/0318882 Al  12/2012 Abehasera -~ -ﬁ
2013/0037041 A1 2/2013 Worm et al. FOREBIGN PALENT DOCUMENLS
2013/0056013 Al 3/2013 Terry et al.
2013/0081625 Al 4/2013 Rusiad et al. CN 1541577 “//,2004
2013/0081642 Al 4/2013 Safari g§ 203;3%3 ? /3883
2013/0192619 A1 82013 Tucker et al. N 01116447 215008
2013/0255702 Al 10/2013 Griffith, Jr. et al. 5008
2013/0306084 Al  11/2013 Flick g§ 58}%}8333 ? oo
2013/0319439 A1 12/2013 Gorelick et al. SE 02006004424 220077
2013/0340750 Al 12/2013 Thorens et al. DE 102006041042 27008
2014/0000638 Al 1/2014 Sebastian et al. EP 0295122 12/1988
2014/0053856 A1* 2/2014 Lin ......ccooeevinninnnn, A24F 40/51 FP 0430566 6/1991
131/329 EP 0845220 6/1998
2014/0060554 A1 3/2014 Collett et al. EP 1618803 1/2006
2014/0060555 Al 3/2014 Chang et al. EP 2316286 5/2011
2014/0096781 Al 4/2014 Sears et al. EP 2003465 3/2018
2014/0096782 Al 4/2014 Ampolini et al. GB 2469850 11/2010
2014/0109921 Al*  4/2014 Chen ...ocooovvvvenn., A24F 40/44 JP 2015527884 9/2015
131/273 RU 2015145374 4/2017
2014/0157583 Al  6/2014 Ward et al. WO WwO02003034847 5/2003
2014/0209105 Al 7/2014 Sears et al. WO W02004043175 5/2004
2014/0238396 Al 82014 Buchberge WO WO02004080216 $/2004
2014/0253144 Al 9/2014 Jacob et al. gg %8%88382;32;‘ 1%883
2014/0261408 A1 9/2014 DePiano et al. WO WO2007 131449 (1/2007
2014/0261486 Al 9/2014 Potter et al. WO W02000105919 0/7000
2014/0261495 Al 9/2014 Jacob e::’[ ..‘:11* WO WO2010003480 1/2010
2014/0270727 Al 9/2014 Ampolini et al. WO W02010045670 4/2010
2014/0270729 Al 9/2014 DePiano et al. WO WO2010073122 7/2010
2014/0270730 A1 9/2014 DePiano et al. WO WO2010118644 10/2010
2014/0283825 Al 9/2014 Buchberger WO W0199748293 11/2010
2014/0299125 Al  10/2014 Buchberge WO W02010140937 12/2010
2014/0345631 Al 11/2014 Bowen et al. WO W02011010334 1/2011
2015/0007838 Al 1/2015 Fernando et al. WO W02012072762 6/2012
2015/0053217 Al* 2/2015 Steingraber ............. A24F 40/50 WO WO2012100523 8/2012
131/370 WO WO02013089551 6/2013
x WO W02015066121 5/2015
2015/0245662 AL™ 972015 Memarl ..o H()é%/;g xg %8385%;2%% 1;//{38;3
2015/0313280 Al1* 11/2015 Hearn ....oocovvvvn.., A241F£l/23/§g WO WO201714048 1 9/2017
2015/0335071 Al* 11/2015 Brinkley .............. A61M 11/042 WO WO2017163212 212017
392/390 * cited by examiner



US 12,439,959 B2

Sheet 1 of 28

Oct. 14, 2025

U.S. Patent

. —.‘.—.‘.—.‘.—.‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.7‘.—.‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.T‘.—.‘.—.‘.—.‘.—.‘—.‘.T‘.—.‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.7‘.—.‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.7‘.—.‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘.—.l.—.‘._

a . . a
o A e S N e e AP i i A

.J.—.‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.

—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘. ‘.—.‘.—.‘. ‘.—.‘.—.‘.—.‘.—.‘.—.‘.—.‘—.‘.—.‘.- .

- . a a .
B e R Rl il e Ay I e e T e e e e e e e e e e B R o e T e e e e e e e e A T e e T A e e T e e T R o T e e e e e e




U.S. Patent Oct. 14, 2025 Sheet 2 of 28 US 12,439,959 B2




U.S. Patent Oct. 14, 2025 Sheet 3 of 28 US 12,439,959 B2




E |
M o A
I.HH"HHIH’

L e
rqii | HHHHHHHHHHHRHH
. BN A N N MR

]
. anxr.rr.rnu_mxnn

e
.

US 12,439,959 B2

* .
I
o R A A A

E o XA X A X
B o P
L A A

e N ]

. - r [ A
g 1.u. #n na"xﬂx”x“nxnn

e
B e e o e
e
N o

e A

00C

Sheet 4 of 28

F . &
] ll | . = I"I.
AR

'
)

‘e
Y
o

Oct. 14, 2025

00Y

Q0¥

U.S. Patent

004



U.S. Patent Oct. 14, 2025 Sheet 5 of 28 US 12,439,959 B2

S04

- - .
- .
-
..
[ ] I.llkl
BT Lo
. e
. L
T p g P
N A N O Y ia s
e P
P AR AR . o
A N " . Xy
S SN SN o
N ] NN PN
e PN e
PR R N NR R R AN Pt
RNl RN Sl el
S S S X R A R AN e
e B AR RN PN AL
N ERE N ] X Kk
e AR R AR P
e NN R R AN Pl
SN R ) BB AR . v Xy
e o P
e R R R AR RN » P
) EN SR ] . » Pl
A AR R AR RN » e P
e PR AL ] et L
SR R ) P N ) ERN o L]
e P X R A A
] B EE R PR L LA
) E S AL
N e P N
] FRE R LA
SR R N ) LR e L
S S Y X R A A -
O A N
e ) LS Nt A
N N P N NN
] FRE e A
SR N ) R M RN
e PO e e A
SRR R AR R NN
A ) LSt ot ol
N N P
e e SR
Sl N ) X X X
e e Pl st
- o
O EA R -
N M N RN N P
o N N ) Nt » X X
AR A P X -
TR AN »xw Pl
) X . LAt el o
T A P P
R AR P P AL
N ) »xw N
P X R -
-:a-*a-ﬂ*a-ﬂﬂ*ﬂ ¥ PN
Ta
R AN
R B N )
AR N
TR RN
el et
T
e
S A
S S
TR AN
St )
e T A
e
LT e A G e
e
T T N
e e
Tl T Amaan
e i
T e i i
S N R i
T A
el T Ty

u

»

u

u

»
e e
LI N
L SN -
N
STy e
B A
L SO -
NN
ST e
S A
SO
N A u
LM N - u
T Ty |
L SO -
N N u
e T ) Pl el
e ey l...l.l.l ALt
S u XXk
N N u | e
O ) nmn a3
N M Pl el
e :::-5::51 Pl
N M u | e
Y . u XX o
N UM I.Hl.%...l AR XK
F & &k ki & .h. i X g X
N » ) Pl el
N W l...l.l ¥ X XX
UM | e
O A u XXX
CNEE M "y e
N nn oy
AN ) XX
N u E ot
N N A | e
e i i » Pl
N N .:...I-l A A " ottty
PN e A A A A A A A A ) e
-:u-*a-*n-‘_t*a-ﬂ‘- l%l i i . *_Jr*l'*lr*b:
O A A n u XXX
O MO ﬁ | e
L A u el
NN ) »x X
O A ﬁ- u e
R M | e
P A n . Pty
N NN | PR
F & &k ki & & .5.%..! | | X X ¥y X
RN ) Pl
SN n . Phl s
NN | Xy
YA A n u XXk ox
P MO % a | | XXX E
ot NN n n . el
P NN iy i i i, i A a'm XN x
i AN M) %:l WA A A A ol A A A A n u n LI JrJ--:
P A n e e n » n Pl R
e A .l% A A A A A A A AN e
Ot N n i n u n Ky
PN A A A A A A A A A a Pl
:Ir*l-*k'rl-.r'r*ll*l %:l i n u n PN "
YA A n n » n Pl
P MO .l% | Pl
r &
TR iy " NN
:Ir:l':lr:'r:'r:ll:l e ' ":";. » n :l':lr:lr:

r ol
e e e s i
N A A A A A A e )

PR A e e n'n » n Pl
TR e A A A A A A A | L)
ot N | A A AN A A AL n'm n Pl
A e i e e a xx .
O N %ﬂllllllﬂﬂﬂlllﬂlllllll | » n PN
N AaAdAAAmAA A AA A ] -
P A ) e e i » n Sl
N A A A A A A A A A A A ' ] P
Ot U .ﬁlb.nnnnanananaannananana i » n el
T e A A A A A A A A A A a » X -
M N e e e ] n Pt
- ey A aA AR AAAAAAAAAAARAAA ] A e )
S N ) e i » a Pl
TR e N .'lk A A A A A A A A A, ] A rE
M e e ] ” Pt
S e T A A A A A A A A A A A A A » » Pl al S
O N ) lq:l i » . Pl
Sy e A A A A A A AN AN AN A ] 'y
N e e ) e e » m Pl
S T e e AR A AR A A A A A A ] ' Pl e
A lt.%.l A AN A A A A A A A ] A Pl
- ST e T A A A A A A A AN A Pl el Sl
N DM | A A A A ] n Pl
S e e e T T RAanAAAAAA AR AR AAAAAAAAA ] A y iy
N AN e ) e e » a Pl s
ST TR T N I% A A A AN A A A A A AN A Pl e
AL N A AN A A A A A A ] n Pl
S e e e T e A A A A A A A A A A A A A v P sl
TR R R N lﬁl e L n A x e
S e e e T T T T T Aa A A A AR A A AN A A A A 'y
N AN W . ) e e » Pl s
S e e e e T AR AN A A A A A A A A ] P
- LA e e i ] e
S T e e T e A A A A A A A A A A A A A » Pl al e
. U A %:l A A A A ] P
S L N T Ty Ty AA AN AAAAAAA A A A A ] o xy
- N AN o e ) e i » XA E .
S N M A N o A A A A A A A AN A A A el ol g
- U ) Iht.%.l A A A A A A A A A ] AR .
S L e e A A A A A A A A A A A A » Xy
S T T e e T e | e ] Sl
S e e I e AaAAN AR AR A A AN A A el ol sl 3r
e T TR R e T ) e e e » X Xy k.
S e e e I% A A A A A A A AL A A ] DM
S T e T e | e ] X X X A% A
S e T T e A A A A A A A A AL A A A » D
e TR R e l%:l e ] XXX XX A
S T T T e T e A AN A A A A A A A A A ] UM
S L T T e ) e e e i » X XX XK A
e T e R e A A A A A A A A AL A A A DR
S T S T ey ::::l i X A X A% A
I Rt A A A A A A A A A AL A A PR D
S L T T e | A A A A ) X E X XX A
S e T e Y e A A A A A A A A A A A A UM N
S L T R T T ) e X XX X XA
v m e m e e e R R AN .i% A A A A A A A A AL A A A A " DM
S N A e | WA A A A A A A AL A A A X X X A% A
e e e e A A A A A A A AL -
S L T N T e A A A A A A A XX XX A
S I A ) A AN A A A A A A A A A u UM
S L T T e e e i i R e
ST e e R N e A A A A A A A A A A DM
S L T Ty A A A A A A AN A A A XX AN -
I TR TN i i e i e i i e DM
S L T e e e i ) X E X XX A
T e T X AN A A AN A A AN A A AN A A UM
SrLTLTLTLTL Pl i X XX XN
LI I - R e i i e i i I i i i i i i i "R XN Ny -
AT, Pl ) A AL A AL A A L A AL A AL XXX XN -
I - X x a. e i i, i e i i i O A
ST, AL AL A A X X XN -
W e e XX A A A A A A A A A A A A A DM
AT, e i e e XXX AN
I X AR A A A AN A A AL A A D N -
ST, A AL A AL A A A AL XX AN -
v a e 'y i i i U i e i e e e i i - R AR Ry - - - -
ATt AL AL AL AL AL RN
AT e x AR A A A A A A A A A A A A A U3 M
ST, e i i i R
LI I ¥ AR A A A A A A AL A A A L M R
AT, AL A AL LA A AL A R M
I X e i i i i i i e i e i i R AR Ry - - - - -
ST, AL AL A AL AL R e
I A A A AN A A A A A A A A B M IR
ST, i i e i R RN
" aataa . e i i i i i i i i i | DR et N SRR
ST TN, A AL AL AL A L LA AL A R e
T aa el - e i i i, e i i i, i i i i i i i i | R AR B - - - - - - .
S R AR i i i i F e -
aaataa - i i i i i | L3 M e M IR
ST TN, e e e I O i PR e -
" aa e . e i i i i i i i i i i i | N IR
S A e i i e IR
alaalaTa - e i i e i i i i i i i i i i i PR T R
S AR i i i D I
aaa e . e i i i i i i i i i U M L IR I
R AR e i i i e i i i »'. ST
“TaTaTaa . e i e i i e i i i i i D I I I
ST NN, i LI IR
ST Ta T e i i i I, e i, i i i i i i i i i LA I I I
ST i i i i i e | I I IR
I i U i i i i i e i i i i i i A A N mam e - -
ST, i R, e e e i e i i | )
e i e i e e e % =
ST R e i | -
STaT TN i i T i i i e e i i i i e i | % .
ST, i R i i L)
I U i i i i i i i i i i i | w -
ST e i e i e e e i O -
S e T O i R e i i i I i i i i i i e i . oy
CICRE R I i i ] x i
ST i i i i i i i i U e i i i i i i i i i i i i e i »xr
ST i i i U i I i i i e
IR A AL T L LA AL AL u oAy
AR e e e e i i i e n Pl
et i A i I i R i i i U i e i ]
ST | i i U e i i i i i e X
S R e i i U e R e e i i i i i i e > x
ST, i i U i i I i i i i i i i i | XX K
IR i i e e e i i e e i e i i i i Ay
ST e i U I I i e i mx aar
ST i R i i U i i i i i i A i R AR R R
STLTATATL N, e e e i i i i DMl
a = a e, e i e e U U i U e e e e i e e i e X x
S R AR i N I I I U B i P M
STaTaTa e » i R e i i U i e i i AR Xy
ST e I i e i U I Pl
a = e et N N U i A R U U i A X XX
ST i I I I * Ty
- ¥ e i e W i e e
ST T TN e i Pl
IRICIC IR XN R E R A AT A e L) o
= v 1 vamom L o e ) L] + & i
o NN
e R R R o e A R R o ry




U.S. Patent

Oct. 14, 2025

Sheet 6 of 28

WA
n:n:x:a:
A
n:a:x:a:
1‘ ﬂnﬂxx;:ill = o omom
:n:x:g:vvvvv'v’vprpvv
.
+ O
i
P
R
A
N
i
T
A
. Vi
+
i i
.
n:n:a::v
-~
-
O
i
P o
A
O
-
P o
i
v
-
w i
A
o
- TH
U X
i
o i
ST
i
AL
Pl o
L
o i
AL
o
i
B o
oA
= i
AL
i
A
- i
i i
O
W
W
-
S X
i
-
i i
S X
WAL
i
A
Vi
i
Vi
Vi :
AL ¥
Vi i
WAL 5
© R
S Y
B WA A o A
A e e
l'nxa:’a:::a:a:xanaxrr
e
K u:n:n:a::r’rx ol
:“:“:"":"’:"E X ": 5
. SRTCRCNCNE NN N AC U ALY e e AN R NI I RO
e e e e T e e e e e i i i e T e e e e e e e -
N A A N A A N A A A A o A LA L A L AL L AL AL LI
s s ok k F ek Bk kbbb k e i i i i R kb kb ke kb bbb ke [ S . .
ST T T e e e e e e e e e e e e e e e e e i A W i i e e e e e e e e e e e e e e e e e ey
.. "L L omom Dl o o o R N T I P A A A A A A A AT A A N o e o e e e L I I S
T T e e T T T T e e e NN NS R AR L,
ALACIE e 0 A et R M M MMM N A » FoE N NN
A M R N ) o A B AR R AR X ke
P R A M » A XA A | RN A
AT e TR Ty ) R il | B AR R R R ke
PN AL M M PN MK i | BN RN N K ey
ST T A T, . R M A A N M N
O e e S M x AT A ] A XA RTR R T
S M M M . PR M M i i | RN R RN
P A e e M A PR A i | ERE . M N o
L M M M ) PR N i | BE R AR X ke
P e S W » R A i | o N R
T TR AT ¥ P M N A R M N
AL e SR S AR A A i | R R S e i
NN A M N ) PR M N . i | RN R R X ke
O AL e N e » R A | o N ol
A M R M A ) PR N i i R RN
R R A R A ENE SR N | o s
ST X . PR M LN . A RN R
A et R » AR A | P R R e s
S A M A N » PR MM N A RN RN
A e e A » R AR i | E M M N
AL M RN ) . BRRE R i | ER N
R TE R R K » R A N i | E N
AT ¥ R M N A RN R
A et e x F R SR iy i | F S Nl i Pl
ST Al PR N i | E N ]
P AL et e » R I | o B L
LA N R N ) » PR MM N A RN
T R R NN » ENE MR i | A E M e N
S A N ) ¥ PR LN A A R NN
R TE R R A A » ERR RNy "y Ty e e i BoE AR R AN
A R N ) ) PN PN A i i N N )
A e M e » ENEM R AT A A o M ]
A N R ) ) PR MM N i i i i EN N ]
A e e e » N Ay "oy Ty e F S el s
ST T ¥ R M N A A A A A A A RN R
R R A A » R A AP e i F S Nl iy
ST TR ) PR N A A A A A A R RN
P A e e e » ENE R A e N A LA o N ]
A e TR ) R AR R i RN
TN XN, » ENE A A A LA NN N NN K
ST ) AN A A A A A A RN RN
TR Fy » ERE R N e e F S s
e a . A A A A RN
N X » AN A A A o M )
e ey ) a iy i i i i EREN
TR X » WA ERE e
T a ) A A A A A A o M ]
O X » L ) ol g
TR ) i i N )
CaC ¥ » e O P e
STl Tay . i i R N )
UL » i i i N
- T Ty . A A LA A AL A )
O i i i i »
T . A A P Ny
P WA A A )
STl Tay ) i i i i I i i )
LN oy WA M
R AL AL » \
“TeTe'n . PN N
':'r:lr:ll: ) n:n:a:a:a:a:a:a:a:a:n:a : a-:q- :
) . AN A A AN X
L A AKX T
N . A A A A A E N
P A A A A ey M
) » i i i i i i »
P e R
) A A A A AN N
N i i ) P
reTe A A A A A A PN
Pt e B e
) i i i i i I i AR AT
kA . WA EE M M AL
) A A AL A A A M A .
Kk e ) F Sl i
P " A N N N N -
P oy n A AL A A
B i i i | EN N
P oy n nA i ERE M A .
) N N A N
N " n Pt M .
reT e " " DN N AN I
P oy n n ER M .
e TaT e PN AN X I
AL e » n n ERE M N
A NN . AL L -
NN A F AN S
e T x " w PN
P u o A Xk kT
e e Ty " u P .
ok ll'-'ll A P e
e T Tx . » % O
o » " A X
e Tx T " AN
N N ':':: . e . “»'y
L AL AN e e ) X e
e e N . AL A
ok kb b ok & [ ] A X Wk k ik § F F
F e TR R v Bk b ke k
e AL LN v A AL ;
A R ) i * ok ke ke Ak
T R o iy, | ek ey
':*kt*#t#*#‘_#‘i.i*i‘#* » e A ¥ox w e e
e Tx A BTk -k
N N A AL
NN i) Ha T ke n Ak
T A X ey
T T T i H T k- .
w i b kb 0 M E | & kb kN
T T A Bk nEk
oy A AL
T e T T T i) * Tk k- k
L L M_ A Xk k b kX
e Tt e, e e
< T A AN A
o Ty A e e
T T Ty A PN N
o Vi X Kk
- T T T nA LN A
o Ve AU
< w T il A A
o A X
T F AN L N
o Vi e
- T T T Ty L AL
o N e e .
T e AN AN
o Ty A X e e
NN *d kA
r | .
L :'r:lr:lr:lr:# > : 4-:#:\-:#:&.1*4 :Ir
NN N " AN N
T e T e EO NN I 3
r r r
o :Jr :Jr:lr:lr:lr > n: *:"'r" :Jr :Jr: " :1-
) *J 'r*'r*#*#*lr* » *q-*b‘.ﬁ-*ﬁ-*ﬁl'b* 1.*
R LN AN
) Ir* 'r*lr*#*#*lr* * q'J.-'rlr'r|.-J"|.-‘r|. " ;“
NN N A AL N AE MNLN
N N ¥ e e e
ST T T T o e e
S NN N
o T TR e
T A e Fr AN A 5
o T X R e
- T T T NN
A U N e Ea Ll
N N e ) LN
o T X
T A AN N
A N ) ey
R S A e 5k Kk i X
. :J- :Jr:Jr:Jr:Jr:Jr*#'l‘ n #:lr:'r :Jr :Jr: - :J
N A AN N L
O ) u EA M I
e T e T T AAAamn AL A R
e T i " e
Yo l.l-..l A A AL AL
AT e T " iy i i, u PN AN R
L ) ll‘..l oA . D LA
SN Al el i Il.'lllr'rlr ATl
P ) " A A " W N N M
N A W A noAaa. u ey P AN IR
O ) %ﬂ moA AL n .I‘-Illr'r'r'r'l-'r
N A N B, A e i . E AN PR
L ) n A n l.l‘ilr'r'rl'llr'r
N A A Am A u AL i
KT n A Bk kh bk
A S e A T %#kl’#k'-l
O ) n A A A n Y b
A A N A A u E AL
L ) o illil?l:.l. e l.l‘lllrlr'rlrilr'r
e A L, A A A ] ] o N L
Ko n ol n A ATy ke
e A A Aa A A u e T L
O ) o anaa:.l. o AL AL
T e T e A A, mmw * ok k- =T
Ko %l.l AR n e M N
N A A A A A A u AL
KT n A n Rk TR
e e e A " -.Illllr'rlr - =N
¥ T %l-l A A n N MG
A A N L A A u N N
) o A A | B ey
e A A L, A A Aaa ] Ty - =T
L[]
. :J.-:#:a-:k:&:# » a%: il:il:il:il:il::z il:?l:?l:?!:?l:iI:I:l:ﬂ:ﬂ:l:ﬂ?‘l-l'ﬂ"ﬂ"i!"il i -l.- l:qn:n-:u-:a-:a-: - -:
A A i e i e i i e i i i . E AN T
T %ﬁn e e n B R
S A A naAAA A A A ALK u AL L
AT n A WAL L L . AL NI
kT ég ilililililh i i i i i i i i S AN R
P n A A A o n L L NI
A A WA i e e e i i i e i i u NN
W n e i v P N N
L A Aamaa i i i i, i i T e e e
N ) n A A L L " » U NN NN
S A IR e u MW e
W T n L e ) L N
A S N A A L L . S N IR
AT n e e n e A N
L A A A A A A LA AL A u LN NN
AT e T n A A L . A NN
e e e Y i i i i T N IR
S S ) n i o v N N
A A N A A i i e e i e i i i i u NN N IR
O o e e i i wuun I.I‘lllr'r'r'rllll
T T ;a Ammaa XA A AL AL A LA mm e LN R
X kA n A A, A L L L e n AN N
T e A o AL AL AL u N N N
O n A AL LA A AL A e l-.I‘l-Jr'r'r'rJllrl
S A A M A A oy i i i e i i i mmw N N IR
P n A . I L n n » N
T e naAaa e i i i i e e i u o e
P n A A LN L L Rk Ky
+r e e A i i i i i i i i i S RN A AE R
A n A A AL A L AL A A A A n L e L N
A M N A WA i e i i e e i i e i u E N N
Pl o A Al AL L . P NN
E T Ammaa i i i i i i, i i i i i ] RN AL e N
P n A A, LA L L e A " P AL N
A e A :l:l:l:l:l'l‘- A ALl ol ol o o e N M M
P n A A AL A AL A n WA Ry
T T A i i e i e i i e i I i e e i . R A SN
o n AR A AL e A n » TR
E T Amaaa i i i i i i i e e u N A I
ST T n A LA L N e W AN
N N e A A i i i i i e, i i e i i T :‘I#Jrlrlrlr -
STy e n A A AL A A R A n BTy
S N e e e i i i i e I e i u St A I A
C T e T ] e i i i i . e ey T
Er T e Amman i i i i i i i e e ] L LN
N A N e n A A, i i i i i e i P NN NN N
o A o A e R RN A
T T T n A AL i i e i i n e
T T A i e i i e i e i e i . T
T T :l.l-.ll AR A AL L A . ol M N N L
O A A A A A A L A A AL A AL N
N A N e n A AL L EN AU N
X e e A i i i e i i i e i ] RN
e A N e a ] l.\.:l.}.l A A AL AL AL A A A n A L
N M e e i i i i i e i e i T AT
P T n A A A o A o ] . e e
0y M A . naAaAA i i i i i e i i ] NN NG
vy A A, i i I e i e i N N
3 ) :l:l:l:l'l‘: i i i i i e I i i i e i e NG NN
Wiy o A A P o o, A L A ] n e
3 e i i i i e i i i e e e e i R Al N
) Ao A, i i I i B R
NN e i e e i NN
KT A WAL L L EN A
W A A i e i " R A e
KT A A AL A L AL A A A A L
kT L e i i i e e i o AT
X e . AR i . N
T A A i i i i e i i Rt N
Xy A A LA L L L A ENT Sl
A R e e " R N
Xy A AL A o n 1-24####*#-
S WA A, i e i e e e i e i m . RN
X u'y AR I e i i i . i N
A i i e e i ek
KT | e i e I i WAk kT
Ty i I T e i i " RN UM
KT A A I i I i n L N
Ty i i i i e O e e e e i RN A UM
X . e e e i e . o N N N
STy T T AA A i i i i I e i i N L SE
KT . A A LA L L L Ll P N
NN e i i I i i i e " N N L
Xy e i R n WO KXy
Ty A i i i i O e e e i A A .
X, AR I i I I I i . e T T
Ty AAaA i i e i l.:-lllrlrl'l'l'r'
KT e, oA I, i e i eI e i i e i " i N
Ty A i i i e i i e i i n e N MO
KT, A A AL AL AL A R Al n M R L
Ty i i i i i i e I e i e i " R N
X, oA I e i I i i n ll'll‘na-a-#a-a-q-l
- Ty AA A i i i e, i i e n L L AL
Xy ol LA N L e " e NN M
-Ta'y A i i e I i i e e n N N N MO
S T Ty oA A, LA LA A Al n M L AL
Ty i i i i i i e e e i e i " AR A e
A LN AR A I I e I i n LA
-Ta'y AA A i i U i i n RN AN
Ty A, i LA L e L L " i N LA
- -y e i i A e, i i i i N N N N
ST T A A I i I i n I.'-I#J'Jr#il'l
- “TaTxTxlx i i i i i i e e e i e i Pt O S A R
. STy mon A A AL A L A ML
ST Ty AA A i i i i e i e e MM ML TR
. B U ) A A, LA L e e A Ty e
S T T T T T T e i e e i e e 'I'ill'lrl' N
T e i i i ] XXy R
S Ly T T T T i i i O e i e i W N M e
S T T e N T I e i i It-ll‘l‘l‘l‘lll'l
S L T T T T e i i e e e W AR
S L T N N N T R e i i i I i i i N N ML)
S L T T e e ] i i i B i i W i AN R e
S N N N T T e L I W A L)
S T T T T T i i i i e e i e W R R
ST N e e T e L i e i N I
ST T T T T i T T i N i i i i AN,
ST N N T T e L T I W e I i Far N 3 A L)
I I I N N N M N :l:lxaaaaanxaxuaaxnunnnaaxal.l.. -
S T N N e T T e L e e i
W e e e AT T i i i i i e B e e I W, i
S S N e R L T I W N I i
AT A T T i i A e i
AT N T T T L i e i I R e e i
I IR RN W ) i i i i i I e I W i
ATt T e iy T Ty I I I i
AT T e T e e i i e A e e e e i
Al R I I I
IR RN M N ) i i i e i i, e
A e e e e L I i I i
e e e e e e e T i i i A I e I i i i
A T e L L e, e e
XA R i e i i A I, e i
PN O W i W
PN i e i i e
A O e I I e i
3N A i N i e
) A A A A A A A e e
FNa Y i | i i e
) i I R e
PN N A AL AL A
FN Y n Vi Y e e i | n
PN n A A A A .
PN nn A A A A AL AL o
Sl i i i i i i i e i e e i
X XN A AL AL AL AL
XA, i i i
XN N LA L L L
) e o o A LA
AR A e A LA AL A
» o g e A L
LA L
» R R
» o e e e e oo e e e A
L i i i e i i i |
FOE I W
Sl A e e, |
& O I I N e e
Nl I e
. A A A AL LA Al A
LRI EE N AR R RN Tl Tl ] A o
e e i'l- i'li'l-?l-?l ?l"i -H-HHHI
= % 7 1 7 1 7 1 " omom 1]
'l_'l_'l'l'l'll'llllllil
a i aa e e e e e e ' T?-!

US 12,439,959 B2



U.S. Patent Oct. 14, 2025 Sheet 7 of 28 US 12,439,959 B2

G, 7

g -~
oo DY e Cog W 5%
ey ey

e

e



US 12,439,959 B2

Sheet 8 of 28

Oct. 14, 2025

U.S. Patent

ol i H o,
EEE

BN E WA N LT

b

!?‘!
.

A

M
X

o
A

bk

L L

Al
b'b

~ A

o )

.“HHHHHHH!HHHHHHHHHHH

HEEEEEEFErEEREFEEREEERRESXYE HH v.! " .o . HlHHHH”H"H”H”H”l”H”H”HHH”HHHHH”H“H”H”H”I”H” ~. _ L]
M LA A - EXXXESERERRSDNSEZXENXELEESREDSRR -
L LS S S EEXRENKRERRERKREIRSNXALNENEXEREERERERETR
.H“H”H”HHH”HH HHH [N : HHHHIHII . HHlIlIHI”I"H”H”H“H“I"I"III"H“I “
E ] ] - ]
MR E N KK A E X X X K -
A K
H”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ e x | HHFHHHHI -
AR X XX KX I ]
e R e r x i
EERERERERNFERHRN
] KR HI ' .. . " H.HHHHH!HH!HHHHHHHHHI ”
|| I N A N A N N M N Mo
. L . . . . . . . PR M OA A A AN AN LN A [
F
-'.r . . . . . . . MO X NN NN NN [
] I N
. - . . . . - . . - . . - . . - F ol .
5 F . S
. . Mo I . . . P . . . e . . . P HHHHH!HHHHHHHH L N
| l.l.l.l.l.l.l.}.l.}.l.l.l.l.l.}.l.Hl.“l.”l.”l.“l.“l.”l.“l.“l.”l.“l.“l.”l.“l.“l.”l.“l.“l.”ll. l.l.ll“l.”l“l.”ll.l.l.lll.”.-. . . .bﬂ!”!”ﬂ”ﬁ”ﬂ”ﬂ” s ”H”H”HH ”
dp dr dp dr by Jdrode drode Jpode dp o de e e e e de e dp dp e de e e A e e o & b o i L A A N M % N E
5 o A dp dr dp dr dp Jdr i dp dp dp dp Jp dp dp dp o dr dr dp dp dp e dp o o oF b o i o o o o s . . | A L]
dr dr de dp bp dp A dr U dp dp dp dr dr dr e e O o dr dr dp dr Or dr e dr A Ao dr dp dr dp dr e e dr ey oM A xR X M
. e A dr dp o Jp o dr A b e dr dr o dr dp dr o dr dr e e O dr dp dp dp de e e e e dpodr Jp de e e e e e - . - B X N A A NN -
I N N N L R R N R L R L R L L L L L X o
. o dr ar o - . . .oT H LA
l.H.r.:..r.:..r.;..rH.r.:..rH.r.;.....H.rH....H....H.-..H....H....H.rH.rH._1H.-..H....”....”....H....”....”.-..H....”....”.-..H#”#”#H#”#”#H#”#”}.”#”#”l t r lﬂﬂﬂ!ﬂ!“ﬁ“ﬂ”!”ﬂ”!”ﬂ” ”HH “
5 . drodr A dp de dp de dp o dr dr Ao dp dp o dp dr o dp dr Ar dr A A e dp de dp e dr e Ao dr e dp dp e e e i i dr g - e N
drodr dp o dr Jdr o dr e dr i dr de dpodp Jp de dr e drode dpode dp dp dp de e e e o e e de dr b o b w - . . . e L M M K N R M N KN -
dr A dr o dp dp dp Jdr e A O dr o dp o dp dp dp dp dro i i dp dp o dr dp dr e e e i dr i dr dp dr dp e o o dr . | N i
. l.-..l.}.l.....}.}.l.}.}.}.}.}.l.}.l.}.}.l.l.}.l.}.l.}.l.}.}.}.}.l.l.}.l.l.l.l.l.l.l.l.l.l.l.i.l.i.l.l.l.il.#l.il.ll.ll.il.#il.l.ll.?- LR CEE R = s H.HHHHHH.HP Hu__u.. .iii -
. L L] R - . . . [ XX A L]
'y L) - » A &
- » .-_...... . T C ) .
E K - B - . .
&
! “H“H“H“H“H“H“H“H“H“H“ﬂ“ﬂ“ﬂﬂ T ! ' -
. RN E NN KR TN Ly -

E : : : T 3 ; i e e LA .
. . . L - L L - : ) ’ e o & - dr dr i i U Jr O Jr b 0 b b b o b ks oa bk
. . . . . - . L] . - . . - . - . . . - . - . . . . . - . . - . . . -. . . . . - . . .. . - . - . ..-..-..-.. ..-..-..-..-..-. N .-. -. ) -- -11
. . . - . T . . . ' '

o6U6

602




US 12,439,959 B2

sl S
e G160

. L e etetetat TR R R e R R e o
e b ke h % b bbbk ek e bbb b L. o L WA dr drdr drdr e e de dr dr dr dr e e e de de dr dr dr dr o do de de de QRVdr dr dr o Je de de de dr Jr Jr M M oa ko A A B b b 4 M 4 om0k oa M 0. n w4
R Y Y EE EEE R EE R R EEEE R B S R N B e )
e et . R I T T T T e U R SR St T T T N S T A

T ..n raor . .......n

. r 1 1 r 8 & a hk r Jr o b b & om0 r 5 . = a2 & = L]
.._._..__.__.r.__.__.__.._..r.._.r.._.__.__.__._..__.._ lu_. .__.._......rq...n.._..rtn.r.tn...l .._.__.r.._.__.._.n.._.r.r.r.r.r.....r.._.-.t....l L
3 oy ar a ko a A N N,

o d e e i g ¥, .~ L A A A A A A '
I A N~ M T A N R N T T U O A ol Al A A o A ol A A i A o i e
o a e M N e B o T e el el el i

]
e ) i !

- 814

Sheet 9 of 28

Oct. 14, 2025

U.S. Patent

ot




US 12,439,959 B2

Sheet 10 of 28

Oct. 14, 2025

U.S. Patent

A ]
ot .r.r._1.rH.._.H....H.._.”.._.H&H&H..H#H&H#H&H&H#Hkﬂ.r&.. "

w T e e el el i e gk b A
& r A T
R M R e MR e MR MR N R

s
P S




US 12,439,959 B2

Sheet 11 of 28

Oct. 14, 2025

U.S. Patent

.
L]
Y
et

Frr

e e e e e e A

F

x
A
A
e
.
»

A
Hil! ]
Al

A
-?l
i
>,
Y

»
Ml
Al
|
M

"

|
1.-‘.;:.
-

Al
-
Al
Al
A
A
Al
Al
L]

A
l
A
A
Al
A
A
b J
-

ol
Al
Al
H
Al
|
Al

X

H-I-IHI X AN

.'t.
]

"

*
o ar L
e

L

r

B ok ok o o e bk e b b dr b 0 0 b b b b s b A Al s s a A

R & &k kb ks




US 12,439,959 B2

Sheet 12 of 28

Oct. 14, 2025

U.S. Patent

-
(A
o

e B3

)
. R, O, O o, o
. : A
- a“n”u.r = na"n”x”r”x”x”x”xw
o N I
xR RN A
il o R R R
R K I -
R A O
e AR
e oo e
- “n"a“n"naan:r ’ r.rnrr.r”... .r”v.nxnxﬂx“ununannnnna“ )
o A o O,
g R
. O
x

_-.._.-_.._.l._.l..-_i.-_l.._.lnl
.-..-_.-..-_.-. .
4 -
K . *
x M
o .
%
Ao -
X -
X
XX
"%
' “a"a"a"u":".. _-._-uu“nﬂ
) o
2R R REE N
I m R E R -
) N
) T
e x ® % A ) .
R X x w' .
e E R i .
R A -
o ;
P va_“xa
M
K
X
Ol
XX
S
)
"o W
nnanln-_I"r

- . .
- .....-..... .r....”.__nn..q.1q. o
I_.-_.-..-......-......... raata e e

.-M_ Voo T 1...1.1.1.1........h-.nhbhbrrhth#hkh}.h}.h#h
T P R N
. . LI I R R R LR N nl el al al nl L Al

»
[y

- T
i .

o - E
M XN R R RN X NXEFEREN
_.-H.IH HIH HIH - l'v..-_.llﬂ - IIHIIIIIF

"

'b*bbbb;h#hﬁ#hﬁbbbbbi

L T T T e T T e e T Y

NN AE .
a2l e e e

u
“...H.q 4#..”.4”4“..14 :H#H#H#H#H&H&H
....1.__. .r.._.r.__......_.r.._....n ) l.... .__n._..l.rn.r.._.-..r.__

HH-HHHHHH'

Al ¥
L

sltis



U.S. Patent Oct. 14, 2025 Sheet 13 of 28 US 12,439,959 B2

400

o ::”r

» I-!xl!!l!!ﬂxﬂx LN
e W

.Iﬂ lxﬂaﬂaﬂallﬂlﬂ:ﬂ:ﬂn .
ﬂnﬂaﬂlﬂlﬂxﬂaﬂlﬂaﬂlﬂ
wpir e wluiele e

A |

.I

..
st
.I
.-.-.-.':.'::: =

.I

.I
...
.I

e

,
R

e

i

.-.-.-.-.':.-ﬁ:_-:_:.::ii
et

et

R

.I
.I
e e e e
e

e

A
"‘HIH'
J )
'Illil-?l:_
AN
l'ﬂ'. " -
i i) c m F h kP
LI I | LI
.HHIH# L
| - “ ow -
|

&)

FJ

2
.y
oo
o)

e A P,
T
r

r
T
A

] xxxxx XN N :'d:

4 A A A

Wmm:-;-m' 6 3 4

b ok ok ook ok ok o o ko o  d dddw Foow w4 A

604

N
-
&3




e kA
-

]
oA
&N
\f)
=N
A P00
4.-..;
-
—(
7
-

|
|

iy iy ;
L XA
unmx“x”x“xnx .
K K BN, ;
" ; ; N A
xrrrrrn xrx.rrrxxxruwx.x xnxax

o i
HHHHHHHHHHHH HHHHHHHHHH e
HHHHH

"ol
)
'||

rrr.rﬂrr
A M MK K AN

) . . . . . . . . . . . . . . . . . . . . - . . .
Hrrxrxrxrxrxrxrxrrrrr ; - A A x.x.xxxrx o e e g Pl e ; o a ; A ; ; ; ; r - . ; ] =y X . - - A . . ' ' ' ' ' ' ' ' ' ' aC ' I A A
i ; o
.

A N A N A
E

=
l!

i -
o

x
X
*
-
2 M
*
-
2~
o
a
e
x
a

FY
EY
Y
H
‘l?'
Y
E
Y
o
b
W
)
b
4
‘2
EY

‘e
EY
o
)
EY
)
£
a
-
EY
)
£
a
)
£
a
)
‘e
e
)

IIIIIHHHFH
;:
2

HPFFPFHHH.H

FY
o
v
Y
o

FY
p
FY
H
e

X
i
L)
i)

u..”u.. ]
HHH Y
HHH .
XX X
"

X,
X
X
lra:'
»
>
>

Fol

]
?‘!
EY
]
.
k]
‘2
H
]

u..
x,
n
x

E N N
E Y

u..u_.u__
HHHHH
X AEXKEXLXEXXENRX

o,
P,
~

-]
F
» ;
.
£
]
%
H
H
E
£
]
Y]
]
]
H
Al
H
HHH:‘!H.
E
E
-

F
Ml
)
F
|
M
Ml
o,
A
P,
M
F
|
M
E

Al
o

k]

E
A

A

u..

HHHH“H”HHHHHHH E ]
IHHHHIIHHI
XK X KX
x_x
x

Y
.
]
x

A A AN
xxxv.v.._x.._.v

EEERER
vvv....xuxau.....ua

H-HHHHF"F""

A

A
A_A_A

A

A

|
AN N XN N
A ALK MK K

IIIIIHHHP'HH'H
|
A
|
A

IIHIIHHHP'

)
£

WM M A AN MMM
I

II'I'IHIHIH

H
H
>
-
-l
;l
|

W

'I'H'I'

I
Hd ]
vil!il!

drod ok J o Jdr k bk Jodrodr ok Jrode dr o h Jr d Jrode dr i Jdrode do b ok M Jr d ook Jdodrdr de dr de dr d Jr de dr ki d d o Jr de drode dr drode b dr de e de dr de dr dr e dr dr Je dr Jr e dr Jp Je Jr Oe e 0r dpr 0e O A kO
&N 4 4 4 4 a kN h k kY nn.._n....r.._.r.._.r.._.._.._....._.._....._.._.._.._.._....._.._.._.._.r.._.._.._.r.r.r.r.r.._....._........._.._.._.r.r....._.._.._.._.._.r.r.r.r.._.r.rb.r.r.r.r._...r.....r.....r._...r.....r.....fll_.....r....

]
Hd

.
FY

X ¥

-ll
WX NN M
oA M
AL N NN
E .
:HHHH!HHF

X R XX XK XXX u..
XXX HHHIHHHHHHPHFFU
XXX

TP AN M A
x. HIHIHHHHHHPH

]
?!F!:
o
MM
A
-
A
Hﬂxﬂn
Illﬂﬂlll
?I-?l-?l"
M_A
Ml
|
Al
H
FY
W

H
N
N
H’H
i
FY
A A
I"I
Hlﬂ Ml
A
A

EY

H

F N

N
F

A
A

FY
H
x
Ml
M
F
E N N N
M_A A A A
I"HHH" Ml
Al A
|

] Hxl!xl! o
-
FY
E ?'
"ﬂxﬂxﬂ

AN M KN M N

A
FY

F!HIHHHHHF
AN N X

)
A
L)
i i i)

P
e e e e
P A AL AL AL, LA
A
n:a:a:n'n"n"n"nxa"nx o

PR AL AL AL
oA

-]
P

Lo
A

S o

..1......1......1._1.._ .r.r._...r.r._1._...r......1......1.....r.._..r......1._...r._....1......1#k#t#kkk#t}.k#k#t#kk.r#t#k

I .H”H”H”H”H”H”H”H
[P P A M N A A A A
xR K

R RERERERERIRERIHEHR
HEENNFEE
“ﬂ“ﬂ“ﬂ“ﬂ“ﬂ“ﬂ“ﬂ“ﬂ“ “ o,
oM M AN
[ M N MM N N KN M N
E

E N
PO A A NN M N MM N

[ X A A
E A
N B
L i
..u..u_.unu.. FH?FFHFHHHF u..lu..u..u..un ' oA N AN e
HFHHHFHFHFHFHFHFHFHPHFH k. H k. HFHFHPHHHEH ]
HFHFHHHFHHHFHHHFHHHPHHHPH NN HHHFHHHFH s
N

LA A NN A N MM N N M N

= R
HHHFHHHFHHHFHHHFHHHPHHHFHHH

‘
o
)
‘e

HH . / o / / ; N e e ke e o

HHH
A
]

o
B
)
2
xpx’x
S
)
i)
2
ra'
g
o
-5
;l
)
-5
F
)

xnnr“xnrwxnrwxnr“nwnwx r.xrﬂr. X r.xr.xr
XX XXX R XA
rE FE N EEENEERERER
x“xa AR R R R
e e
.xr P o o X
o )
xxrx&xf&xrx&urx
EAE

FF
k]
X H HHF ]
x HPHHHHHHHHHHHFH
N
X,

S
oA AN FFFFFPFFFFFHFPFPF
HJ E .
HIH x IlHlﬂlﬂlﬂﬂﬂﬂﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂ HHP A
] IHI ] Iﬂlﬂlﬂlﬂlﬂlﬂl IIIIIIIIIIIIIHFHH A

ol HHHHPHHHHHHHFHFPF
i i

IHPF
-

MM
|
"
lxxx'a'
i
M_x

K
N HH#.HHHH s
A HFHFHFHHHFH
A

HH

e
F'F'F'HIHF'?"
FI‘I‘FI‘HIHI‘
H
.
Al
Ml
|
.
.
.
Al
H
L,
]
H
?I!
.
H
.
.
Ml
.
Al

‘e
F
e
F A

EY)
)
e a
.
)
)
)
)
;l':!

i)

X

i)
*:
ool
EY
)
EY)
a
EY)
)
EY)
)
¥
EY)
o
Y
o
)
2
EY
EY)
i)
|
)
EY)
rx’rxxxrrrr

i
e

HHHHHHHHHHHHHHHHHH’HF

x?ﬂ:?"x?!" |
i'd’i\!’?l'.

p

2
:-:a-
o
)
:-:a-
2

FHH”PHHHFHHHFHH A
FHFHHHFHHHHPF A
u.. PHFHFH?HHHF A
PHHHFHHHHHH A
F H F H H H F r.

S

H’HHHHHHHHFHHHHHHHHHH

EY
EY
Y
;u
;:
o
EY
;-
Y
‘2
EY
EY
‘2
EY
Y
EY
EY
EY
EY
EY
]

A
)

k. ”H”?”H”H” H
K HFHFHHHPHH -
i i
k.4

-]
3
ax
-
M
-]
o
- ]
-
o,
-]
o,
-]
e
E
‘e
F
H H
‘e

FY
Y
H
Y
]
FY
F
Y
H
Y
]
Y
H
HH
]
H
M
HHHHHHHHHHHHHHH’HHHH

]
N
£

F
P,
Y
F
Fd
o,
F
P,
A

2
)
2
2
2
)
2
i

-5
-
H
i
F
o
HHH

i
o o
x:x
*::
X
i
.'-:
o
L
r-:xxxn:x
X
.
o)
-
e
2
A

e o e P e P P
Y]
Y

)

-]
)
Y]
Y

2

FY

Sheet 14 of 28

H
H
X
]
L

-
o
)
P
o
L
i
)
o
r’
]
o
-
)
x

R K K
E
o

)

2
E
i)

)
S

*:
i
o
‘2
.
F
‘e
Fd
o,

2

H
Y
M
FY
H

H
;-*
]
L,
H
‘!
F
-
M

a
)
‘2

FY

FY

Y

FY
FHI‘HH

F

i
F

]

HH'HHHH'H”HHHHHHHHH

S

P A M M N M M N M M

]
]
il! J
]
2

x
x.x.x.xx.xu
oo e o o

A A A A
A A A e A o
e e 2 o e o o o o e o o A o
xHx”xHxHrwxwrﬂxwrwxﬂr”xwrﬂxwrxx AN x”rwxﬂrwxnuﬂxr
e e e e e aeae e o ae e o e e e e o e e e e
S A A A A A A A oA
N
L A A A A A i A AL AL
Lo e e e A e e
O A A A A, A A A A A A A A A AR A A
P A A A A A A A, A A A
S A A A A A A o i
e e e R e e R R A
A A A A o
Lo o e e
A A A A A A O A A 0 )
o o e e e e pe e ae A oe oo o e e e e e e
S A A A A A A A A A A A A A A
Lo e e A e e e e
A A AL AL AL A AL L
e o e e e e e e
A i O A A A A A A A i
E A A A A A A A A A A A A A A A i
S A A A A A A A A A A A A A A A A A i
PP P PP P P xrrrxrwrxrrrxrr XA xrrrxrrrrxwxxxxxxrx ¥

A M MM N
AR MM M M N K MM K MK KK KKK KK KK KN

kY
Y
]
FY
™
?‘!
A
N
FY

..ﬂ
u..

»
»
L
»

LA
A
A
A
LA,
A
x
A
A
A

)
£
e
L ]
L

ool
M
e
L
)
L

'HHHHHHHHHFH'HHHHHH

i

F
EY
EY
?!

;nl
-]
)
X

Y]

Y]

»
E)
»
)
)
E )
)
»

»

»

*

o e o
FY

P N

-I#-I‘-I
o
)

;||l
Y

e

)
;nl

a
]
)

2
b*l
L)
4'4-*4*

.___.__..___.4.__.
-

e
»

A e a a a a  a

-5
F
;il
-5
)
M
2
.
F
v
%
o
4-4*4-4-4
¥

LA AL
L)
L 0B M
N A
LR
L)

-
-
-]
-
B
»

A
X
EY

E N N

e !
ERCM N NN )

H
;-
]

)
X
oo
N
A e e
X
i
)
»
)
»
»
»
441-1-41-;
Lt
3l
)
)

*
L)

)
?ﬂ:?l'.:?d X
i
e

[

-

-

L ]

-

Y
A A i

E |
-]
Al
L
»

Ty

XX
*-Il*ll*ll‘#‘ll*#*ll*#*i »
L]

)
X
X N
X ik X
x
*¥
)
;
)
L]
»
»

»

-
o
-5
¥
i
L
L
L

H
u..
i
.
.
K.
A
A
i
A
A
A
.
-
.
.

A

L
L
X
XA
o
X

P,
o,
H
X &
»
FaE Y
B
L]

o N N o
»

Y]
E
Y]
pl
Y]
Y
)
-]
Y
M
L
XX
e
L
L)
L
]
L)
]

*

F
EY
E
EY
EY
»
L)

»

»

X

»

o
Moo
*-:

d
X
*

S

L

:-:-'
o
)
£
Fd
Y
g
& &
R )
»
o
»
»
L )
»
»
L]
»
& &
»
& &
»

A

u..u..u..

»
L
»
L ]
-i
L
L ]
L ]
L DE N RE N )

p
»
»
5
»
»
»
.4
L L L L
»
N )
L I
*-I*-i-l

'-:-."-:i."-."-.'*-': '

L
»
-I*-I
LN

)
'.'l!il!il'pﬂil!

E

5

]

L)

5

]

L

N R e Y ]

R et e e )

l‘l‘#ll#llill#l

L]
»

L
L ]
L ]
L
-I
L

o
e
'x”x’xxx

-]

»

»

»

A
|
»

L
n

i
»
»
»
»
l-

)
|
i
F )

&
H
‘!
A
LC L B N B N N B N N AL N N N N

.:l!:l';l!x:l!x:l!x;l!:l!
2 el
x
-
.
™
)
)
F
-]
)
»
FY
»
»
»
A
M
i i |
i
i |
* % % F F FFFFF
" i
»
o
)
4-:4"4-
»
»
FY

)
£
A
A
L ]
L )
L
L ]
L )

)
2
i)
)
o
a
X
i
|
e
M
|
»
Fx
»
»
»
»
»
»
»

~
]

I
.
A
M
A

e
M
o
2w
o e
X
"
o
XN
Y
&
x
LA
N A
i
n
Lt e et )
»

o
A
oy
L
Lot}

»

X
X
F b
444444-4
o
»
5
o
»

L e

Hxii!l!
o oA
L ]
L ]
L )
L
L I

[}
[}
)

Ay

P,
IHH'#!F!F!PF!H'
M

o

»

E )

LI

FE
|
L]

L
R MM
bbb‘-
e
)
) )
A
2
il
i*i*iiia-ia-
»
»
.
ar
"
Tty

L)
»
L)
»

J M
Al s A N AN
]

>,
Al
]

-
L ]
&
L ]
L ]
&

IIIIIIIIIEIIIEIIIIIIIIII
b & & b & & b b & k&

o h ki

=
- - . - . &
L]

A
xﬂ
]
»
»

X a ik
NN

.F!xHRHF!HHF!H

-ll-l'-r!
H

»
F

MM A A A N X s K
|
|
>
Al

H
o A
E ]
E
E
Al
M
uﬂx

. ”HHHHH”HHHHH o, HHH
M M KM NN N
HHHHHH”HHHHH ] HHH
PHHHPHHHFHH P HHF
LA
L

i o

e
o A

MM N M
E
HFHHIHHHHJH

-

|

A
l-l
A

A
-I

M

P
F
-
o
-
x
X,
A_M
A
x
A
A
A
HHHHI-I-
Al
A A
A
A

x
x
x
x
x
X
AN AN
*
.
n
A
X
X
E

._._n-

Iﬂl
A M M NN NN
M
HH
M
X
-
A
.
-
A A
Al
Al
Al
Al
A A
A
Al
Al
Al

o
Saa
o

M

A

E N NN N
H
|

H
;:H:H:H:?ﬂxﬂx?!x e
X 'H i\! H H

o
o )
o

]
oo oA A A A

A
oo

EAE A A N
A A AN M

Hil'
|
F |
X,
|
A A
|

Oct. 14, 2025

k)
-
N
ko
k)

F
E |
Mo A A A A
A
E |
A

oA X A AN A A AA
o M NN A A A A
xxxxxxxnx"nnann"ala
o X N NN AN A A
s

oo A N N MM A

M

-

>

H:H: |

S o oA A A AN
-

.
-
Mo o A N N M M A A

.
Mo A A A N N A M

k]
i)
X

o
X
.
X
X

i

]

Hxl

H
i ?d:?! |

a
i
)
)
)
i)
)
N i i

HHHHHHHHHHH
-
-
x
.
-
X

'HHHHHHHHHHIIIII
-
-5
‘e
-5
]
S
‘e
':-
-5

o R M K A X NN A
EY

Mo M N M N M M A N AN

i
Lo

o
Y
X
)
L
o

]
]

ok
e e

P,
)
F
e
P,
F
F
Fo

q .?H .U.FHH E N
A
A
.

‘2
.
]
FIHHHHHH’H I

A

-]

N

o
""'HF!!?!:H

E ]

FEFHHHHHHHHH

H

e

-]

N

A
)
4
Fa
)
4
Y
-]
P

oo

o
-]
.
)
)
.
o
o
)

)

K
X
X,
A
A
A
A
A

A
]

Y]
)

L

b
£ g
)

P AL LA
o
o

o
S

FF F F F F F F F FFFFFFPPFPPFEEEFEF

U.S. Patent



US 12,439,959 B2

Sheet 15 of 28

Oct. 14, 2025

U.S. Patent

.....- - &4 & & &
F ] - .
. -
1] Fl
aaaaa - a
F r F r F a - -
[ - & P
- -
Y - -
. - .
. i .
- . -
- F ] F ]
. .__ "1
- . -
- -~ .
- .
[ - Fl F ]
- . -
. - .
= . .
Tl Tl e Tl i T T il Tl T T i T T T T ) E il T e i il i il i Tl T i e i e T T i Tl T i el T T T e i el e i T T T T T T i I Tl T T T e T i i i
. anxnnxxxxnxnn__.xxxxxr.xn..n..nxxxxnnanxnxnxxxnxxxnxnnnan__.nnnannnxxxx__.axxan..annxn__.axxxxnaanxnnaxnnnaxxnxnxxxnx. oo e o e e e e e P e e P R R e Che R e e e e e e e e e o oo e e e A o e e o he e R A ac e R ae e R e e e e e eI e ae e e e e o e o ae e o e e e o e e o e che e R et e ae e e e e R ae ot oo e e oo e ae e e e e e e e e o
. N N N A, S A N N U B U A R T N N N
- L A U O O U A U
- A A U 0 0 N U T U 0 0 N 0 B O I i I 0 A, 0 o
. VAV VT T VT A EORE A TV
- o O U A A N A N A U R N A O A U T A U A A
- o A e N A A U N A
- T U R N A B N B VN N N R B N R N A N A B R O A A
. L o A O
" L R A O U A R A O R, A I
- o L AV I A
e AR AR AR EEE R AR EEE A A A ER A AR AR ERE R AR ERREXERXEXERRKHTRR o I N L O R
. o o
" R xR e R e R R R R AT X e R R R R R X R e R R T e xR R L B R I
. KRR KRR R xR R xR R TRE TR R ExTR TR RRRERERRRR R L O
o O "R R TR R R R R o N
. ) L o T e T R R R R R R P R TR R R e R R R W R R R R R R o Y
. ZERXREER EEEREREXERXTXXREALERXRR ER A AR ARREALRTERXEXLERRRERRZXTX R AER IR AR EREEE A A E R E X EE X A EER AR EREE LR EEEEE R AR AR AR ER A EE R EE R AEEE AR T EER TR AR AR R AR R EEE R EE R XA AEE XA AT AR XA T AT RR TR A A
. R R X R R R K R R R R R xR L o L L
S R xR R o T R R X R R R R N X R EERREERTERRETXXTERERRE R ERERETEEXEERRRE T X R e R e R R e R R e R X R R R X E R X R A R e X e xR R X R R R R R R R R R e R R e ek e RN R R R R R R e
. o o o KRR R R KK L
* N ) XX E xR EE TR ERR xR R E X E R R R E R R E TR EEE R T TR E R R o O
. o ® o T P R R R R xR R e R e e R R e R R R R A R R o
B AR ERRRE A X AR E AR AR EERXRERER TR XA EEEEEERERERRXXRRERR X R E R EXREREREXRERRTXR ExE 2R R EERRE x ARAXAAEEREERERRRX KA EEERERXRERRERERERTERXXEK N
. TR P R R AR R R MR R R R R R R LR KR X L ) o ) R R R R xR R R o
- o ) O RXEXRRE TR TR TR EEREEEREREREXERREER ® XX e R R R R E R R xR o N N
- KRR R RN ERRREERRERERR R R R L L R X KRR e U
. o ) R R R R R X R R R R R TR R KR ol e ) L o o, N
- R R R R R e R R R e R R e R e R R e R e e R R e R R e R R R R R R R R R R R R R R R R R T e T PR R R R R R R e R R R e R R R R W R e ] L
Mk x xR AR AR AL AR AR AR E R AR E A E R A E R A LR ER EEEEE R XA A EE R T EEE R EEE XERERRERXRR EX XA EEEEEEE X AE X AR EE R AR ARERRXRR AR XX E R EERERERRREXZREREXRER XERERATRXRERRK KA XXX EXEREERZER L I
e e xR R R L R R R R R R X R R K R ) O R xR R R R R o, L,
B xR R X R e R KRR R R R R X EERERRRRRERERRERERERERER?TRET?TTERETR X e R X R e R R X KRR R R A L N R
N r R A AR R R AR R ER KRR KRR AR R R ERERRRERRRREENRTRR KKK " L KRR R R AR AR KR K Lo
. o " O o L =
EV ] " R X R R R R R " T R N R R R R R R R R L o
R EE TR R EER AR AR AR AR XXX E EEXAREIRAREEER AR TR ERXERERZEXTEREX KX RAREEEEEEEAEXR R EXXLREERRERERRE KEEERAXAAREAARE AR EERRXTRERXRT ERE XX AR LR AR R AR AR A EERE A AR E R A EE A XA E R AR AR A LR A AR R R AR R XRT AR
N TR I R R R R RN R R R R R R R R x L R R xR R ol
RR R X T e X R E R R R e e R e e X X R RO R R T X R X R R R e R TR R x e REEREEERETEERTZRRTRXETRRREEXERERERREERRTERTETREEERREE?TRRRTXRE N = N
Lo x Lo X KRR R R R R R A A W R R R R A xR R R R AR R KRR K K e
L o ) " X o 0
T ) " L R R R R R R R R R o
RRExX XA EREREREE AR EREEERERERXXARXERERRR B ERRERE AR AR A AERE R EREXRREAR R XA AR EE R EEE X AR R AR LR E AR A LR E XA EE A XA E R AR R AR EEERIERRX EEE R EERRRREEXZAERRXRRERRE XA AR XA A A E R AR AERAXRET T AR AT AR
TR R R R R R X e R X R R R L el o R R R R R R xR A
x L ) o N ) o ) R R R e R R e R X e e R R R R RRE X R TR TR TR R R R R ® LV R T B N N
x L L i O O A
o N o A I O O I ) N 0 0 L 0 A A S i
R R R R R R R R R R A R K / TV R N LV T I Al
XX XA AR AR AREREREERXREXEE NN P O ", o XX xR R L ol O, A WA A A A
" o FONE I A : xR R o o "R R ) o e ad a 2 >
o EE A A O, A X o X A R TR e i Y X
Lol R A A P XK A A R R R A KRR R R R ER R R o Al A ! ol
o I EE o A ! xR R KK X! I ’ ol ’ ! Y
T EVE T U A A o e / F VNI : Y Y
XK AR ER R AR R E R R K A o / , R A A A XX Ny L A / .
) R we e o e e e R R R R e e e R K e e e e o K e X PO ’ i FORE I N A o Y * Y
o " N e R R R i T e R e g e R e R e e X EV NI VI A ol N = T A T A i XK
. n m o L A xR A KA XN A
ll"ll- o o l-lll nnlnulll nlnl-nnnnnnnnlniilnulunnnn:axn:nnnl"l“-unl"-"lul“-uluu A e
r x _“i . u x
R En ) n e ] x
e ® n . T ﬁ e e r
EERERE RN R RRR X xR o o . lli“-n. . .
o " x rEEE RN RN r x e r x
P g e e B e e e R AN PR R R e e e e R R R
A A A A A A A e A o e I, i
/ RV o FO A ol i EVE A Y / XA K A /
A A A i = FE A U A WA A A A ; XA O
’ o A A 0 A A A A A ol o FOE A o T x
T T TV Al e e e e
; ; i L & 4
N N R N R R R R R N N N T e e P P
" EEERERERERERERERERERE L ERERERRE R R RERRERRER R R R R R R O
R R R R R R A R K R R R R
R B " " X R R
p
"R xR R R X R
o
x I
N
RREEREREERE " ® " FVME I
a“a“n“a“a“a“a“a "R T e e e R e x”nnxmx“x”x:”v_”n”x”n
H!anxxxunxxnnnxna x Hnuxnr.“r.”n”n“x”n”n“
x i
u FONE I
A
AR A AR A KA
S
> e e
o e e ) *ataa s & » Pl e o o
i X e EEE N EE N o o
e M N xR E e e ! .__.___.....__.....4._1.4....__.....4.......__... PR M e MR BN M o »
.-I-. ol - P AR M P i O R T N A A o A Al
L R A AN . PR A A N e s el sl 2l el
WA A v o N L AR e i Y l-_""-_- " el ) P Ly 5 I T A et el st el sl e}
e i e N r e h i ._1..”.__..._.....4..........4.......4...4.4....-4...4.._....-4....-1 * x #1- -_I-_ --_I-_-_ ot .4..........4....4......4.._“.“.._......_.....4.._..1.....4....__ Py ._.___.4......_..._.-._“.___.__..1.“........_,”.._.4._...4.4...4.._....-4...4.._4.44...4.44.-..........4...
N Xl MM NN R e e T e e e e e e e T e e e A S A S LA RN At S AR AR A M AL TR R e Ml el b al Mol
S I a  a aa a a al R I A L I A N N NN o BT RN ol N o " : P N B P N I N A A N N R N N N ol R Rt R s sl il
T e T e e ae w e a a a aa e Ta  a  a a  a a a  ae  a  T Ta ae T Ta Ta a a a a T s P L L I T o e T S g Sy Sy P e e  a a A a
e e e e o e A e e e e e e e e e e e e e e A e e e e e e W e e N e AL AL Al Al )
S e a a e a aa  Ya e O P L N N N o e RN N R L B A B o N R P A )
P N L B L P I P A PRI L e SR e E I S e o o L L o I o Sy h_ e AR TR R o]
N NN N T I e A Py A T A A I A I A NN A M e M Al el a3 - .
F o A o I o e xaa L P I el A L R N el s s sl ol »
O I e i F o L T o L e e ) -_"-.
o e e e o e o e e e e e e e  a e ra  r e an ae  a ea ae a  a a a r a A e e e e e al i a a a U sl sl a0y o
A o e el e Y L I I o I o A el N
F o T o o L a al a  a a  a  alaa a a L o L ol a a al
O I N s ) I A T I a0 Pl
N T I B el A kel o ol el s L I
O T T o I T e o o B L T al o vl e el i oal e g og i O I L S
A e T g e e e e e T o T e o T T e e T e g T g g T e Yy i e e A g e e T e T g T a e e T o g T N  a a A a a a aa aa a aa a a aa a a s sl alal )
o e T ar e i i e a e e ey e e T e a a  ae a e e o T a e T ar e T i e e e e e e e A e e e e T ar e e T W e T e e A e e A T e T T o o Yo T e e T e e T
A T e e e e a  a e T T T e T e T e e T e e e e
e e e e e e e e T e T e T e T T T T T e T e T T o e T a o T T o T T L o o e e L N
N I I T T T o o o o o T L ol L L
o I T N A e a e e ol al sl ol al 2l
I I T T o e e ey g e g g g g L Il e L I el el el
F I e S e e I e I T o o o o o L o S T o o o e
e N T T T e  a a aa a aaa aaa I B N A  a ad a al aa aa a
I o I A N o L el o e T e T T T T T e e T T o e o o e T
O L T T o o T o o i a a o o e e T T o L )
T e de e ek B e dr dr drh o dr dr B dr dr b dp o dp de e e dr de dr e ok dr de dp de dr e dp e dp de e dr de de e e i de e dp e e e dr dr dp e e dp dr dp i F , P W dr dp dr e e e de B e e dr dp e e e dp e i A
e e e e Ta e e a a  a ae  a a  T a a Ta a a  a a e a a a a Ta a  a a e ae a a ae a a  aae  a a  a a e T e o e T e T ! ; N N P "
A T e e e e T e e e e e e e e T N e T N e / e e T T T T
- e alaly oAl alalal alal el alal alal alal et alal sl al sl alal sl al sl sl sl al at al atatal sl al al alat st al al sl al W al alalal A e e e X o o e e
-
- ol -_-."-_-_-_-_-.-_-_-_-_ e r e Lo -_-_-_-.-_-_-_-__._ e Attt o a -
e EREREEEREEEEEEEEEEE » - m
Aty “"-_”-_-_-.- N -_-_-.-_-.-_-.-_-.-_-.- -_-.-_-_-.-_-.-_-_-_-_-_-. -_""-"--"--_-.-_-.-_-. wr -_"""-_- e
B EEE » » L
- L e N [ e
- e e e g g g x
.ot ) R EEEFEREEEE R R R EEE
- A
. & ' [ ] [ ] ]
- EREEEEEEEEEEEEEEEEEE R R
- Tt
. e e e e e e e R e e
- . h | J [ ] |
- R R EREEEEEEEEEEEEEEEEEEE R
. s
- e e e E e E e e
_— SRR Y P EEE PR
- EREEE R EEEEREEEERREERE R
=T T m T n
- »
- aaaa. __"-“l-.I-.-_-.-.-.I-.-_-.-I-.-_-.I-.I-.-.I-.-_-.-.I-.-_-.-.I-.I-.-.-.-_-.I-.-.-_-.-.-_-.-.-.-_-.
SRt R R EEEEEEEEEEEEEEEE R B ’ ’ ’
T X a X 2 a
B e e e e e e e e e e e ool oo v iy oo
ol K w K x XA K ol
L i by I A g . ; ; ] L ; b ; A
e rr.”r.”r.”r.”r.”r.”r.”v_”n”x”n”x”x”x”n”x”n”n” Hx”u.wrﬂ ”r.”n”x”x”r” H .”v_”r.”x”r.” “”r.”x”n”x”n” “”r.”v_ o
o A A A o A A Al A i
PO o e EOE g Al A o o A ol A
FAE A A i g A i e
oo e e e e e o R pe o e e e e oo o ot o o o e P P o o e e e
e o o o e e A e e A e A e A e A e A e o oo oo 2o R
R EEEREEEREEREEREEREERERERRE FONE I I I i
o o o g e e e e e EORE X KA e R R
o I WA A A K AR R K
F A 2 o AR e R e R e e e e e e e Elg A
A R A I VLTI I F
P A e A A R R
I X K R e e e PO g
FO T O O
o N R ol
o T O o o e
ol O Fl
I SN Fooly
O N F
L o e
R ERE R TR R R N AR A E AR PR T R K R
EEEE R R E R E X R R X E R e P e
®x ' " x i
®E ® " o R
x nr X i
' * Y Flg I
rm » X K e
lll lH A, .Hxxﬂnﬂnﬂnﬂnﬂnﬂ
o
% o o e N e
E
X A R
Fl
Y o e
” oo rxnn“a

A SR E

]
»
[
-
-
]
-
-
L)
L)
-
o
o
-
-
-
i
A A, -
s .H” n”. |
A P AL -
L i i |
xwﬂv.nwxﬂ.nrn”!rnrn” i |
L ; | ¥
LA A A P P P
HMHMHMHMHHHMH HMH .”rxnxuw.x”n”u” A A A A "
A A A oo o o o A e A
A A A A A AL A A A A A A A A AN AR A A
A A A RO A AL A A A A A A A A AL A A A A A A A A AL
A A A AT A A A A A A A A A A AN A i
A A A A A A AN M A A A A A A A A A A A i
i N S i i i
L N i i
A A A A A A A A A A A M A R AN A AN
L N A A i
A A A e e A A A M e e
A A A S i
g S i i e
L N N A e
A A A A R RS A M A A A A M AR A MM M A AN
A i A S A i A A A S A A i A ;
r.”w.”r.”x”r.”r.”x”r.”r.”r.”x”x”x”x”x”x”x”x”x”xrxrr o o P X .u_”w.”r.”x”r.”r.”x”r.”r.HxH!Hxﬂxnxﬂxﬂrxrxrxrxrxrrr
N EE N
A A A A A AL A A A A A A A A A A A A A A ol e N N i e
L N A i i e e M A A A e i i
e N e e i E N A i
N N N i ot e N e N i e i i i
N S A i i i EE A A e A A A M M A A A A A A A
N ; g N LA A E
r”r”r”r”r”.r”r”rﬂrwrﬂrﬂrﬂrﬂr”.rﬂrﬂrﬂrﬂr r.rr.r. .Jﬂ?ﬂf?!?ﬂ?ﬂ.?ﬂ?ﬂ iy ]
Hxxx“xwx”x”x”x”x“xwxﬂx“xﬂx” HHH ”x“x” E "a" na"naa"a"a"a"al l"a" Ty " " "__. " ]
nHHHxHaxxxaxxx:xxxuxlxuxuxnxn”n“u.“n”xx .Hn"l"__."n"a"n"a"l"a"a"l"a"a"n"lana " "n"la nanaaaaanaaanaaalal“nal"lan" i
XXX XXX X AEREREEXXEAREAREREREEEXREERTETRN XXXEXEAREREREREEEERREREAXAREREZTIEXR .
i AR A e e M AR REERERERERRERERREERERERERRERRHE X PP R R R R X R R
A LA AN AREXITERRERERIERERERESXERERRDX XX XEXXTEERREREREREREEESEEREXRXERER
A A A A A REREREREEERRERERREREREETRERRERR x A AR RERERERERRERERERERERERERERRERERRRESX
A A A A A AXEXREERREREREXTEREERERXEERXERER XX EXEEEREER AR EREEEREEERR XN
A A A A, ; ; ; AAREXEREEERRERERERERERERERESX Y XRRRERR X X R EXREREREREXREERERERESRERREX RN
A A L A A A A L, AXXEXEITEXXIRERRRERERELT XX XXRXXR AXXEXEEEEELXXREXEEEEEEXRXRRX A A AAKEEXEREREETR
A A A A i i g AR X e P R R X X R R X A e e e i e i A A A A A N N e e
A A g N i e e e A AN XA XXX EXEEEREEERR RN AXEEEEENEEEEREEXEEEREEERR XN A A AN MRy EE NN
A, A AR A, A A A A i AR X EXREXRERERXEXNEERESLRRRESXX AWK XX NN AN XXX NN R AKX X R RN
A A A A A RO PO AL A A M A A A O PO A A A A A A A A AL AL A A A A i e e i i e e i i i A i i i i i i i ;, i
e e A e e e i e e e i i L i S
AL A A AC A A A A A A A A A A A A A A A A A A A A A A A A A A A KK A A i i AXXEXETEE X XEXAXIEEEEE X XLXXXEXX L,
e N i il i e i i L N e e e e i i i i e i i ;,
L A i e i e i e e e i e i e e e i i i i R RN RN AN RN, RN RN N AN RN NN it
x”nrnrxrxrnrxfrnwxr .Pr.:.r.”r.Pr.”x”.nrnr”xf:”n”xr!y”nwx”nrn” .ﬂ!ﬂ!ﬂﬂ#ﬂ.ﬂ!ﬂﬂvﬂ?ﬂ xnHnHnHnHHHnHnHaHnHnHnHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂHﬂ HnHnHnHnHnHnHnHnHnHnHHHHHHHHHHHHHHHHHHHHHHHHHF.” r”r.v
i i i A i e i AAXXEXEEERE X ELREXXEXNERER RN N A,
i A A ; i i i i i i A
L A L S i e i A e i A
A A A A A A e i i i ol e A
i i A A I i i i e i i i i I e i A A AN N XX R R R R X A,
, , Ll I i i) i i i) AR A M MR RN
L, A, A i e i R A A A A A AN M M A A M A AKX N N N A XA LA AN KEXERE N EERER L,
i A, L i i i e S i e e e ]
A I i i A N e e i i) A MK K N NN R
A AR R RS AN A A A A R AKX N A A A M A A A A R RS A AN R A A A R R A MM A A A M A A AN KEEEEEEERR
A e S i i i ol i i ol S i e e
A A M e N A e e e N A e e i e i i) AN A N R
A, ol A i i A A A A A A AN M A A A A A A RN NN A A AAANLEEEE X ERRERETR
ol i i L i i i e e
A i i ol N MK RN
A g i i g N i i A KEXEXRERRERRETRE
A e N A A i i g N A S i ' AN A EXEERERERES
; A e e A A A e e e e e e e o N i ; A M MR
A A ol N i A A A A A AL A A M A A A A A N i [y xx xR RERRE
ol i i i N i ) - NN xR
A e N N e A i i e e N A e e i s AXEXEREEREERER
Ay AR R RS A A N A A A A A R MM M N A M A X ol A i e - a xnxxa:aa:aallniliin
A ol S i e [ »x x xxxerrernedlr
A I i i e N i i i i) i XN XX RN ,
A, A A A A R A MM R A A A A A KN M M A A XA A i i LA A XXX XXX XX XERETR
iy i S i S i e e ) i L e e - ;,
kS A A A A RN e e e e e N A N A i e s e i i e AN NN ;
i .r.xHxr.xxxHxxxr.xxxr.xxxxxxxnxxxxxxxxxxxnxxxxxx A iy r.r.r. Hxr.xr.xHxr.xxxxxxxr.xxxr.xxxxxxxﬂxxxx xxxv .v_v...__ xv.xxn Haxxnxxxnanalaaaaananal __m_ - lnHanrxv.xrnv.xrxv.nxxv.xrn. k

. & .



US 12,439,959 B2

Sheet 16 of 28

s s s+ mom oA r
.rl.rl.r\

Oct. 14, 2025

U.S. Patent

TR A
M JEE X E RN N NN NN N

R I I
X “HI HHHHIHHHHHHHH!H NN .HH 3 u.. kA

ERERER A
gan“n"__.".."n“u"..“n"n"u"n"..Ha“n“a“n“n“a"u“n”n”n”nu Hxx oo o
ala..__.n..la..lu..lnn__.a..lan__.n..nan__.annan__.n..__.nn__.n..___nxxxnxxnnxxn.xnxwx”x”x”xn g

R e o M Iy
FIIHIIIIIIIIIIIHHIIIIII IIIHIIIIIHIIIHIIIIIHIIHIHHIHHHﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂrﬂ? L

o i ;
nana”a“a“a“ananxaa . xrxxxrxaxjxjxmxxn”xnnﬂrnnwv
PN NN N

~,
E A
x

Al
Al
H
]
Al
H
Al
Y
FY
FY

]
oA
]

lIlHHHHHlHHIlHH“HHHHH”HHH”H”H“H”H”R”H”E“H”!”F
ERXRERERRELXEINEST HHHHHHHHHHHHHEH.HHHPEHHH

EEERRERLZEX B A

L IIIIHHIIIIIIIHH XX HHHHHHHHHHHHHHH.HPHHH?HFHF.—
N
A

|
A
A
Al
A
A
Al
A
Al
Al
A
Al
H
|
Al
H
E
F
]
EY
F
]
E
EY

KK “H“l"ﬂ"ﬂ“ﬂ“ﬂ"l“ﬂ"ﬂ"ﬂ“ﬂ"ﬂ"lﬂ "l"l“l"lllﬂﬂ"l"l“l"l"ﬂ“ﬂ"l" “ “ H “ "ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ“ﬂ”ﬂ”ﬂ”ﬂ” “

. AXTEREREEIEREEEEREREESXNEX KEEERSXXTX AL EXEEXNENNNN,

HHH X, IHlHlHlIlHlHlIlﬂlﬂlllllllllllﬂlllﬂlﬂl llllllllllllllﬂll E_IE lHHHHHHHHHIHHHHHHHHHHHHHF .
A

s Al
|
|
o
Al
Al
Al
Al
.
A
Al
Al
x
Al
Al
Al
Al
-
x
-
-
-
-
.
-
]
>,
-

Al
|
™
Al
Al
A
Al
A
Al
A
|
A
M
|
|
Al
Al
A
Al
A
|
Al
Al
A
Al
A
Al
Al
Al
Al
Al
A
Al
Al
Al
Al
Al
H
Al
Al
Al
M
]
H
E
]
Al
Y
.
H
E
F
F
M
.
FY
!:'!

Al
A
A
Al
A
A
A
|
A
A
|
A
Al
A
A
Al
A
A
Al
o
A
-]
o,
-
-]
o,
)
X
H

X X X R XX RN AN NN
RRERERIRREIR IlIHIHIIIHIHIIIHHHHHHHHHHHHHHHF N

H”H”HHHHH“H“H”l”I“l“H”I“l“l“H“l"l"H“l"l"I"l"l"I“I"l"l"l“l”I"l“lIHHlIlHﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬁﬂ!ﬂﬁﬂﬁx M
.HHHHHHHHIHHHIHHHIHIHIHIHIHIlIHIIIHHlIHIlHlIlIIHlIIIIIlIIIHIlIHIlIlIIIﬂlllﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂxﬂﬂxﬂﬂ T

ZEREXTERRERREER XTRER X XERXEXX XXX
N xaxnnnxn__.xnnanaannannanaannnan"a“nnn ®E n"n“n"a"n“n"n"a"a" "a“n"n“a“n“n“a“nnnux
A I i
A I R i i i i
A xR R X R R RERRR -
ERERERERREREERERRZXRERERHR
”x”v““x”r.“xHxHxHxHxHnHnHxHxnxnnnanananana“a“a“a“an "ann"ana"a"n"a"a"a a"nan“ana"a“n“aa
R A AR A R R R N o N A A R AR E R R AR R R R R EEREREERR
R A AN AN KKK AN ERE X EEE AR A E X R EEEE XX TR
M N A KRN XX EREREERERERERREERERERERREEXRERERRER
A A A, A A A A O EXEEXR
; o o o o et e e

1)
H
]
M
Ml
]
A
Ml
Al
Al
A
Al
A
A
Al
Al
A
A
A
A
Al
|
A
|
A

.
Al
Al
EY

>
HHH:
HHH"
=
HHH:
=i
SN A
e
Al
= |
A A
Al
NN
A
a_x A
A
AN
A_A_A
A A A
A A
A A .
A
A_A_ A
A A AN
A A A A
A A A A
A_N_A_A

)
F
2
)
F
L,
o,
F
H
|
F
Al
Al
Al
H
Al
Al
Al
A
Al
Al
A
Al
Al
A
Al

>
>
A
M_N
M

™

EETEREERTREKTXHN
AR AL N M M M MM NN NN XERREXRRSERRERER]H
xEXEXEREREZRXZSXEE

e
HE”H”HHE”HH.HHEHHH.HHExﬂxﬂﬂﬂxﬂﬂﬂxﬂxﬂﬂﬂﬂﬂﬂﬂlﬂﬂ

o)
.
]
o)
.
-]
F
.
|
Al
Al
A
Al
Al
Al
Al

Pr.”P.Hr.”r.“H“!HHHHHHHHHHHHHHHHHHHHH
A
ol
A .”H”v.rnjxmxmxjnjxnxrxrxx
A,

* rxrv“”x”x”x”x”x”xr
PR R RN,
k.

dr i e e e e i e e e a a a a a a  a a
I I A
M NN N N NN M N T AR N ALK

Wy ey i ey iy
F ]
.__.H.___H.._........q....q..........q......................q............._ﬂ

i Lol )
[ 4
- -.-_i.._-i -.r.r.-..-...-..-.l.-.

E o dr b b s b om N o E dr b b b oS S ko o N
.r.r........_..H.._.H...H.rH.r....rH.rH.rH.rH.r....rH.r....r.r.._....r....__....._.._..._...rH...H.rH...H.rH.r....rH.r....r Xy i H H H e
Il.r.T.J-.:.J.l.l.l..J-.:..J..T.T.l..T.:..T.T.T.l..Tb..T.T.T....Tb..T.T.T.T.T.T.T.Tl.rl.rll.r.r.Tb..J.b-.T.l..Tb..Tb-.T E .T.T.T.T.T.:..T.T.J..l..fb..'.f.'.l..fb..'.f.'.'.f.'.'.f.r.T.T.T.T.T.T.T.r .Tl.rll

.r.r.r......_..._..........................r....r.....r.._..r....r.....r.....r.r.r....r.._..r....r.r.-......_.._n.._ n.__.r.r.r.r......_......r.._..r o .r.....r.....r.._..r.r.r.._.........r.....r.r.r....r.r.r.._..r.r.-.r.r.r.._ .r.r.r.r.....r.r.._.rn.._

r n.n.._.__.r.r.-..-..................................r.....r....r...........r....r.....r.....r.r.r....r.r.r....-.__n.._n.__.._n.....r.r................ il A Kk kA kg d ke k ke k ko ke d kA b hoaa
r moa dr dr ok de dr b ke e g de b e A de deode b oa b om de dp de b dp de b b b de A b e de de b de b dr b bk kA b e b b Ao

- .....r.........-..................r.............r.r.r.r.r.....r....r.....r....r.r.r.....r.r.- B P

. * - .T.r.......l.}.l.........r....-......._ .t.r.t.r.;..r....r.;..r.;..r....r....rk.r.t.r.t.._ *

L .r.r.;..-..l.............;..r.;......r.r.r.r....r.r.r.;..r.r.r....r.;..r.;..r.r.r....r.__ .r.._ - * - * -

¥k x kK
Ea NN
EE kN
¥

¥

¥

¥

™

¥

¥

¥

¥

r

¥

r

¥

r

¥

r

¥

r

L)
L
X
L]
L
L)
L)
L
L)
L]
L
L]
L]
"
"
]
L
L]
L]
"
"

o

X

r
r
L

¥
PN NN

Ky

"r
¥
"
i X
¥

ke
¥

L}
)
Lo

¥
¥

L
X

¥
¥

A LM N
¥

r

B e el T
. .r.r.._......._..-.........r.r.._ .....r.r.r.r.r.r.r............r.....r.....r.....r.r.._ .....r.r.._ RN .r.r....._..._..._................._..r.._ .....r.r.r......_......r........r.r............r.....r.r.r.....r.r.r.....r.r.r.....r.r.- A ......_ N
VataTa .n.r.r......_......-......._..r.._..r.._..r....r....r.r.r.r.r.r.r.._..r....r....r.r.r....r....-.._.n.._nnnn.._.r.r.r.._..._......._..r.._..r.._..r.r.r.r.r.._.........r....r.._..r....._.....r.._..r....r....r.._..r....r.r.r.r.-.r.._.r.r.r.r.r.r.r.r.r.._.r.._.rnn 2 a"a"a " R S e
. or .r.T.Tl.l.l..J.l-.T.T.T.:..T.T.T.T.T.T.T.T.T.T.Tb..'b-.'.l..f.'.'b-.'.'.fb.l.rl .r.T.T.T.T.:..J..T.T.l..T.:..T.T.T.T.T.:..J..T.T.l..T.T.Tb-.T.l..Tb..J.b-.T.l..Tb..T.T.T.T.r.T.T.TE.T.T.T.T.T.T.T.T.:..T.TE.TE - m L] - m a & & & & & & a
- nnn.._.r......_..-..._......r.r.r.....r.._..r.....r.r.r.r.r.r.r.....r.._..r.....r.r.r.....r.....-.... N .._.._nn.._.r.._..r.._..r......_......r.....r.._..r.r.r.r.r.....r.....r.....r.._......_..r....r.....r.....r.r.r.r.r.r.r.r.-.r.._.r.._.r.._.r.r.r.r.r.r.r.._.r I
« = o+ o« =« orFr 2 & & & b idr b od i bid bdi i i s s s ddd i oi i i i i i s s s s
. . R N R N N N N L

- & A o
lllll.r.'b..'.'b.h




U.S. Patent Oct. 14, 2025 Sheet 17 of 28 US 12,439,959 B2

- I . . B Wl 497
“direct an aerosol precursor composifion from a reservoir of a cartridge out of the §

cartridge through a valve assembly

direct an electrical current from a control body to the atomizer to produce an |/
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AEROSOL DELIVERY DEVICE INCLUDING
A CONTROL BODY, AN ATOMIZER BODY,
AND A CARTRIDGE AND RELATED
METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 17/582,683, filed on Jan. 24, 2022, which 1s a
continuation of U.S. patent application Ser. No. 16/866,161,
filed on May 4, 2020, which 1s a continuation of U.S. patent
application Ser. No. 15/782,543, filed on Oct. 12, 2017/, each

of which 1s incorporated herein 1n its entirety by reference.

BACKGROUND
Field of the Disclosure

The present disclosure relates to aerosol delivery devices
such as electronic cigarettes, and more particularly to aero-
sol delivery devices including an atomizer. The atomizer
may be configured to heat an aerosol precursor composition,
which may be made or derived from tobacco or otherwise
incorporate tobacco, to form an inhalable substance for
human consumption.

Description of Related Art

Many devices have been proposed through the years as
improvements upon, or alternatives to, smoking products
that require combusting tobacco for use. Many of those
devices purportedly have been designed to provide the
sensations associated with cigarette, cigar, or pipe smoking,
but without delivering considerable quantities of incomplete
combustion and pyrolysis products that result from the
burning of tobacco. To this end, there have been proposed
numerous alternative smoking products, flavor generators,
and medicinal mnhalers that utilize electrical energy to vapor-
1ze or heat a volatile matenial, or attempt to provide the
sensations ol cigarette, cigar, or pipe smoking without
burning tobacco to a significant degree. See, for example,
the various alternative smoking articles, aerosol delivery

devices and heat generating sources set forth 1n the back-
ground art described 1n U.S. Pat. No. 8,881,737 to Collett et

al., U.S. Pat. App. Pub. No. 2013/0255702 to Gnihith Jr. et
al., U.S. Pat. App. Pub. No. 2014/0000638 to Sebastian et
al., U.S. Pat. App. Pub. No. 2014/0096781 to Sears et al.,
U.S. Pat. App. Pub. No. 2014/0096782 to Ampolinmi et al.,
and U.S. Pat. App. Pub. No. 2015/0059780 to Davis et al.,
which are incorporated herein by reference in their entire-
ties. See also, for example, the various embodiments of
products and heating configurations described in the back-
ground sections of U.S. Pat. No. 5,388,594 to Counts et al.
and U.S. Pat. No. 8,079,371 to Robinson et al., which are
incorporated by reference 1n their entireties.

However, 1t may be desirable to provide aerosol delivery
devices with alternate configurations. Thus, advances with
respect to aerosol delivery devices may be desirable.

BRIEF SUMMARY OF THE DISCLOSURE

The present disclosure relates to aecrosol delivery devices
configured to produce aerosol and which aerosol delivery
devices, in some embodiments, may be referred to as
clectronic cigarettes. In one aspect, an aerosol delivery
device 1s provided. The aerosol delivery device may include
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2

a control body, an atomizer body including an atomizer, and
a cartridge. The cartridge may include a reservoir configured
to contain an aerosol precursor composition. The cartridge
may further include a valve assembly configured to dispense
the aerosol precursor composition to the atomizer body
when the cartridge 1s engaged with the atomizer body. The
valve assembly may include a dispensing seal and a reser-
voir seal. The control body may be configured to releasably
engage the atomizer body and the atomizer body may be
configured to releasably engage the cartridge. The atomizer
may be configured to receive an electrical current from the
control body and the aerosol precursor composition from the
cartridge to produce an aerosol.

In some embodiments the cartridge may include one or
more air flow apertures extending from the atomizer body to
a mouthpiece. The air flow apertures may be configured to
direct the aerosol therethrough. At least one of the air flow
apertures may extend through the valve assembly. The valve
assembly may define a dispensing capillary tube and may
further include a first plate and a second plate positioned
adjacent to one another with a space defined therebetween.
The dispensing capillary tube may extend through the first
plate to the space between the first plate and the second
plate. A gap may be defined between a radial outer edge of
the first plate and a radial outer edge of the second plate and
an iner surface of the reservorr.

In some embodiments the atomizer body may further
include a nozzle configured to extend through the reservoir
seal and engage the dispensing seal. The valve assembly
may further imnclude a frame and the reservoir seal may be
molded to the frame. The atomizer may include a liquid
transport element that may include a porous monolith. The
atomizer may lurther include a heating element that may
include a wire at least partially imbedded in the liquid
transport element. The liquid transport element may define
a tube and the atomizer may further include a capillary rod
extending through the liquid transport element and config-
ured to direct the aerosol precursor composition there-
through. The control body may further include a micro-
phone. The microphone may be configured to detect a user
draw on the cartridge.

In some embodiments, the atomizer may comprise an
outer body, a terminal base, a flow director, and a liquid
transport element comprising a porous monolith, and an
atomizer chamber may be created by the tlow director, the
terminal base, and an 1nside surface of the liquid transport
clement. The flow director may include a central inlet air
channel, a transition barrier, and one or more radial inlet air
holes configured such that air that enters through the inlet air
channel may be directed through the one or more radial inlet
air holes by the transition barrier. The tlow director may
further include one or more inlet liquid flow chambers
configured to deliver the aerosol precursor composition to
the liquid transport element. The outer body may include
one or more vapor apertures, and the flow director may
further include one or more radial inlet vapor holes, one or
more radial vapor channels, and one or more vertical vapor
holes, configured such that the aerosol may be directed
through the one or more radial mlet vapor holes, the one or
more radial vapor channels, the one or more vertical vapor
holes of the flow director, and the one or more vapor
apertures ol the outer body and into one or more vapor
channels of the cartridge.

In an additional aspect, an aerosol delivery device opera-
tion method 1s provided. The aerosol delivery device opera-
tion method may include directing an aerosol precursor
composition from a reservoir of a cartridge out of the
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cartridge through a valve assembly by directing the aerosol
precursor composition through a dispensing seal and a

reservoir seal at the reservoir. The method may further
include receiving the aerosol precursor composition in an
atomizer body. Additionally, the method may include direct-
ing the aerosol precursor composition to an atomizer 1n the
atomizer body. Further, the method may include directing an
electrical current from a control body to the atomizer to
produce an aerosol.

In some embodiments the valve assembly may define a
dispensing capillary tube and directing the aerosol precursor
composition out of the cartridge through the valve assembly
may further include directing the aerosol precursor compo-
sition between a {first plate and a second plate positioned
adjacent to one another with a space defined therebetween
and out of the space through the dispensing capillary tube
extending through the first plate. Directing the aerosol
precursor composition out of the cartridge through the valve
assembly may further include engaging a nozzle of the
atomizer body with the valve assembly. Engaging the nozzle
with the valve assembly may include directing the nozzle
through the reservoir seal of the valve assembly. Engaging
the nozzle with the valve assembly may further include
engaging the nozzle with the dispensing seal of the valve
assembly at the dispensing capillary tube.

In some embodiments receiving the aerosol precursor
composition in the atomizer body may include directing the
aerosol precursor composition between the nozzle and a
capillary rod. Directing the aerosol precursor composition to
the atomizer 1n the atomizer body may include directing the
aerosol precursor composition between the capillary rod and
a liquid transport element of the atomizer. The method may
turther include directing the aerosol through one or more air
flow apertures extending through the cartridge. Directing the
aerosol through one or more air tlow apertures extending
through the cartridge may include directing the aerosol
through the valve assembly.

In some embodiments, directing the aerosol precursor
composition to an atomizer in the atomizer body may
comprise directing the aerosol precursor composition
through one or more radial flow openings in an outer body
of the atomizer and through one or more 1nlet liquid tlow
channel 1 a flow director of the atomizer. Some embodi-
ments may further comprise directing the aerosol through
one or more radial inlet vapor holes, one or more radial
vapor channels, and one or more vertical vapor holes of the
flow director, one or more vapor apertures of an outer body
of the atomizer, and into one or more vapor channels of the
cartridge.

These and other features, aspects, and advantages of the
disclosure will be apparent from a reading of the following
detailed description together with the accompanying draw-
ings, which are briefly described below.

BRIEF DESCRIPTION OF THE FIGURES

Having thus described the disclosure in the foregoing
general terms, reference will now be made to the accompa-
nying drawings, which are not necessarily drawn to scale,
and wherein:

FI1G. 1 1llustrates a side view of an aerosol delivery device
comprising a cartridge and a control body in an assembled
configuration according to an example embodiment of the
present disclosure;

FIG. 2 illustrates the control body of FIG. 1 in an
exploded configuration according to an example embodi-
ment of the present disclosure;
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FIG. 3 illustrates the cartridge of FIG. 1 1n an exploded
configuration according to an example embodiment of the
present disclosure;

FIG. 4 illustrates a perspective view of an aerosol delivery
device including a cartridge, an atomizer body, and a control
body 1n a decoupled configuration according to an example
embodiment of the present disclosure;

FIG. 5 illustrates an exploded view of the cartridge of
FIG. 4 including a reservoir and a valve assembly according
to an example embodiment of the present disclosure;

FIG. 6 illustrates a perspective view of {filling of the
reservoir of FIG. 5 according to an example embodiment of
the present disclosure;

FIG. 7 illustrates a perspective view of the valve assembly
of FIG. 5 according to an example embodiment of the
present disclosure;

FIG. 8 illustrates an exploded view of the atomizer body
of FIG. 4 including an outer body, an atomizer, and a coupler
according to an example embodiment of the present disclo-
Sure;

FIG. 9 illustrates an exploded view of the atomizer of
FIG. 8 according to an example embodiment of the present
disclosure:

FIG. 10 1llustrates an exploded view of the coupler and
terminals of the atomizer body of FIG. 4 according to an
example embodiment of the present disclosure;

FIG. 11 1illustrates a perspective view of the coupler and

the terminals of FIG. 10 in an assembled configuration
according to an example embodiment of the present disclo-
SUre;
FIG. 12 1illustrates a partially assembled, partially
exploded view of part of the atomizer body of FIG. 4
according to an example embodiment of the present disclo-
SUre;

FIG. 13 illustrates a modified sectional view through the
aerosol delivery device of FIG. 4 according to an example
embodiment of the present disclosure;

FIG. 14 illustrates a modified sectional view through the
aerosol delivery device of FIG. 4 at the cartridge according
to an example embodiment of the present disclosure;

FIG. 15 1llustrates an enlarged view of area Z from FIG.
14 according to an example embodiment of the present
disclosure:

FIG. 16 1llustrates a perspective end view of the cartridge
of FIG. 4 according to an example embodiment of the
present disclosure;

FIG. 17 schematically illustrates an aerosol delivery
device operation method according to an example embodi-
ment of the present disclosure;

FIG. 18 1llustrates a cartridge and an atomizer according
to an additional example embodiment of the present disclo-
Sure;

FIG. 19 illustrates the atomizer of FIG. 18 in an
assembled configuration according to an example embodi-
ment of the present disclosure;

FIG. 20 illustrates the atomizer of FIG. 18 an exploded
configuration according to an example embodiment of the
present disclosure;

FIG. 21 illustrates a cartridge for use with the atomizer of
FIG. 18 according to an example embodiment of the present
disclosure;

FIG. 22 1llustrates a bottom view of the cartridge of FIG.
21 according to an example embodiment of the present
disclosure:

FIG. 23 illustrates a liquid transport element and a heating
clement for use with the atomizer of FIG. 18 according to an
example embodiment of the present disclosure;
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FI1G. 24 illustrates a flow director for use with the atom-
izer of FIG. 18 according to an example embodiment of the

present disclosure;

FIG. 25 1llustrates a cross-section of the flow director of
FIG. 24 according to an example embodiment of the present
disclosure:

FIG. 26 1llustrates a partial cross-section of the atomizer
of FIG. 18 according to an example embodiment of the
present disclosure;

FIG. 27 illustrates a different partial cross-section of the
atomizer of FIG. 18 according to an example embodiment of
the present disclosure; and

FIG. 28 illustrates a partial front view of the cartridge of
FIG. 23 according to an example embodiment of the present
disclosure.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

The present disclosure will now be described more fully
heremafter with reference to exemplary embodiments
thereol. These exemplary embodiments are described so that
this disclosure will be thorough and complete, and will fully
convey the scope of the disclosure to those skilled 1n the art.
Indeed, the disclosure may be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will satisty applicable legal
requirements. As used in the specification, and i the
appended claims, the singular forms “a”, “an”, “the”,
include plural variations unless the context clearly dictates
otherwise.

The present disclosure provides descriptions of aerosol
delivery devices. The aerosol delivery devices may use
clectrical energy to heat a material (preferably without
combusting the material to any significant degree) to form
an 1nhalable substance; such articles most preferably being
suiliciently compact to be considered “hand-held” devices.
An aerosol delivery device may provide some or all of the
sensations (e.g., mnhalation and exhalation rituals, types of
tastes or flavors, organoleptic eflects, physical feel, use
rituals, visual cues such as those provided by visible aerosol,
and the like) of smoking a cigarette, cigar, or pipe, without
any substantial degree of combustion of any component of
that article or device. The aerosol delivery device may not
produce smoke in the sense of the aerosol resulting from
by-products of combustion or pyrolysis of tobacco, but
rather, that the article or device most preferably yields
vapors (including vapors within aerosols that can be con-
sidered to be visible acrosols that might be considered to be
described as smoke-like) resulting from volatilization or
vaporization of certain components of the article or device,
although 1n other embodiments the aerosol may not be
visible. In highly preferred embodiments, aerosol delivery
devices may incorporate tobacco and/or components derived
from tobacco. As such, the aerosol delivery device can be
characterized as an electronic smoking article such as an
clectronic cigarette or “e-cigarette.”

While the systems are generally described herein 1n terms
of embodiments associated with aerosol delivery devices
such as so-called “e-cigarettes,” 1t should be understood that
the mechanisms, components, features, and methods may be
embodied 1n many different forms and associated with a
variety of articles. For example, the description provided
herein may be employed in conjunction with embodiments
of traditional smoking articles (e.g., cigarettes, cigars, pipes,
etc.), heat-not-burn cigarettes, and related packaging for any
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of the products disclosed herein. Accordingly, 1t should be
understood that the description of the mechanisms, compo-
nents, features, and methods disclosed herein are discussed
in terms ol embodiments relating to aerosol delivery devices
by way of example only, and may be embodied and used in
various other products and methods.

Aerosol delivery devices of the present disclosure also
can be characterized as being vapor-producing articles or
medicament delivery articles. Thus, such articles or devices
can be adapted so as to provide one or more substances (e.g.,
flavors and/or pharmaceutical active ingredients) in an inhal-
able form or state. For example, inhalable substances can be
substantially 1n the form of a vapor (1.e., a substance that 1s
in the gas phase at a temperature lower than 1ts critical
point). Alternatively, inhalable substances can be 1n the form
of an aerosol (1.e., a suspension of fine solid particles or
liquid droplets 1n a gas). For purposes of simplicity, the term
“acrosol” as used herein 1s meant to include vapors, gases
and aerosols of a form or type suitable for human 1nhalation,
whether or not visible, and whether or not of a form that
might be considered to be smoke-like.

In use, aerosol delivery devices of the present disclosure
may be subjected to many of the physical actions employed
by an individual 1n using a traditional type of smoking article
(e.g., a cigarette, cigar or pipe that 1s employed by lighting
and inhaling tobacco). For example, the user of an aerosol
delivery device of the present disclosure can hold that article
much like a traditional type of smoking article, draw on one
end of that article for inhalation of aerosol produced by that
article, take pulls at selected intervals of time, etc.

Aerosol delivery devices of the present disclosure gener-
ally include a number of components provided within an
outer shell or body. The overall design of the outer shell or
body can vary, and the format or configuration of the outer
body that can define the overall size and shape of the aerosol
delivery device can vary. Typically, an elongated body
resembling the shape of a cigarette or cigar can be a formed
from a single, unitary shell; or the elongated body can be
formed of two or more separable pieces. For example, an
acrosol delivery device can comprise an elongated shell or
body that can be substantially tubular 1n shape and, as such,
resemble the shape of a conventional cigarette or cigar.
However, various other shapes and configurations may be
employed 1n other embodiments (e.g., rectangular or fob-
shaped).

In one embodiment, all of the components of the aerosol
delivery device are contained within one outer body or shell.
Alternatively, an aerosol delivery device can comprise two
or more shells that are joined and are separable. For
example, an aerosol delivery device can possess at one end
a control body comprising a shell containing one or more
reusable components (e.g., a rechargeable battery and vari-
ous electronics for controlling the operation of that article),
and at the other end and removably attached thereto a shell
containing a disposable portion (e.g., a disposable tlavor-
containing cartridge). More specific formats, configurations
and arrangements of components within the single shell type
of unit or within a multi-piece separable shell type of unit
will be evident 1n light of the further disclosure provided
herein. Additionally, various aerosol delivery device designs
and component arrangements can be appreciated upon con-
sideration of the commercially available electronic aerosol
delivery devices.

Aerosol delivery devices of the present disclosure most
preferably comprise some combination of a power source
(1.e., an electrical power source), at least one control com-
ponent (e.g., means for actuating, controlling, regulating
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and/or ceasing power for heat generation, such as by con-
trolling electrical current flow from the power source to
other components of the acrosol delivery device), a heater or
heat generation component (e.g., an electrical resistance
heating element or component commonly referred to as part
of an “atomizer”), and an aerosol precursor composition
(e.g., commonly a liquid capable of yielding an aerosol upon
application of suflicient heat, such as ingredients commonly
referred to as “smoke juice,” “e-liquid” and *“‘e-juice’), and
a mouthend region or tip for allowing draw upon the aerosol
delivery device for acrosol inhalation (e.g., a defined air tlow
path through the article such that aerosol generated can be
withdrawn therefrom upon draw).

Alignment of the components within the aerosol delivery
device of the present disclosure can vary. In specific embodi-
ments, the aerosol precursor composition can be located near
an end of the aerosol delivery device which may be config-
ured to be positioned proximal to the mouth of a user so as
to maximize aerosol delivery to the user. Other configura-
tions, however, are not excluded. Generally, the heating
clement can be positioned sufliciently near the aerosol
precursor composition so that heat from the heating element
can volatilize the aerosol precursor (as well as one or more
flavorants, medicaments, or the like that may likewise be
provided for delivery to a user) and form an aerosol for
delivery to the user. When the heating element heats the
acrosol precursor composition, an aerosol 1s formed,
released, or generated in a physical form suitable for inha-
lation by a consumer. It should be noted that the foregoing
terms are meant to be interchangeable such that reference to
release, releasing, releases, or released includes form or
generate, forming or generating, forms or generates, and
formed or generated. Specifically, an inhalable substance 1s
released in the form of a vapor or aerosol or mixture thereot,
wherein such terms are also interchangeably used herein
except where otherwise specified.

As noted above, the aerosol delivery device may incor-
porate a battery and/or other electrical power source (e.g., a
capacitor) to provide current flow suflicient to provide
various functionalities to the aerosol delivery device, such as
powering ol a heater, powering of control systems, powering,
ol indicators, and the like. The power source can take on
various embodiments. Preferably, the power source 1s able to
deliver suflicient power to rapidly heat the heating element
to provide for aerosol formation and power the aerosol
delivery device through use for a desired duration of time.
The power source preferably 1s sized to fit conveniently
within the aerosol delivery device so that the aerosol deliv-
ery device can be easily handled. Additionally, a preferred
power source 1s of a sufliciently light weight to not detract
from a desirable smoking experience.

More specific formats, configurations and arrangements
of components within the aerosol delivery device of the
present disclosure will be evident in light of the further
disclosure provided herematter. Additionally, the selection
of various aerosol delivery device components can be appre-
ciated upon consideration of the commercially available
clectronic aerosol delivery devices. Further, the arrangement
of the components within the aerosol delivery device can
also be appreciated upon consideration of the commercially
available electronic aerosol delivery devices. Examples of
commercially available products, for which the components
thereol, methods of operation thereof, maternials 1ncluded
therein, and/or other attributes thereof may be included in
the devices of the present disclosure as well as manufactur-
ers, designers, and/or assignees of components and related
technologies that may be employed 1n the aerosol delivery

10

15

20

25

30

35

40

45

50

55

60

65

8

device of the present disclosure are described 1n U.S. patent
application Ser. No. 15/222,615, filed Jul. 28, 2016, to
Watson et al., which 1s incorporated herein by reference 1n
its entirety.

One example embodiment of an aerosol delivery device
100 1s illustrated in FIG. 1. In particular, FIG. 1 1illustrates
an aerosol delivery device 100 including a control body 200
and a cartridge 300. The control body 200 and the cartridge
300 can be permanently or detachably aligned 1n a func-
tioning relationship. Various mechanisms may connect the
cartridge 300 to the control body 200 to result 1n a threaded
engagement, a press-iit engagement, an interference {it, a
magnetic engagement, or the like. The aerosol delivery
device 100 may be substantially rod-like, substantially tubu-
lar shaped, or substantially cylindrically shaped in some
embodiments when the cartridge 300 and the control body
200 are 1n an assembled configuration. However, as noted
above, various other configurations such as rectangular or
fob-shaped may be employed 1in other embodiments. Fur-
ther, although the aerosol delivery devices are generally
described herein as resembling the size and shape of a
traditional smoking article, in other embodiments differing,
configurations and larger capacity reservoirs, which may be
referred to as “tanks,” may be employed.

In specific embodiments, one or both of the cartridge 300
and the control body 200 may be referred to as being
disposable or as being reusable. For example, the control
body 200 may have a replaceable battery or a rechargeable
battery and/or capacitor and thus may be combined with any
type ol recharging technology, including connection to a
typical alternating current electrical outlet, connection to a
car charger (1.e., cigarette lighter receptacle), and connection
to a computer, such as through a universal serial bus (USB)
cable. Further, 1n some embodiments the cartridge 300 may
comprise a single-use cartridge, as disclosed in U.S. Pat. No.
8,910,639 to Chang et al., which 1s incorporated herein by
reference in 1ts entirety.

FIG. 2 1illustrates an exploded view of the control body
200 of the aerosol delivery device 100 (see, FIG. 1) accord-
ing to an example embodiment of the present disclosure. As
illustrated, the control body 200 may comprise a coupler
202, an outer body 204, a sealing member 206, an adhesive
member 208 (e.g., KAPTON® tape), a tlow sensor 210 (e.g.,
a pull sensor or pressure switch), a control component 212,
a spacer 214, an electrical power source 216 (e.g., a capaci-
tor and/or a battery, which may be rechargeable), a circuit
board with an indicator 218 (e.g., a light emitting diode
(LED)), a connector circuit 220, and an end cap 222.
Examples of electrical power sources are described in U.S.
Pat. No. 9,484,155 to Peckerar et al., the disclosure of which
1s 1incorporated herein by reference in its entirety.

With respect to the tflow sensor 210, representative current
regulating components and other current controlling com-
ponents including various microcontrollers, sensors, and

switches for aerosol delivery devices are described 1n U.S.
Pat. No. 4,735,217 to Gerth et al., U.S. Pat. Nos. 4,922,901,

4,947,874, and 4,947,875, all to Brooks et al., U.S. Pat. No.
5,372,148 to McCaflerty et al., U.S. Pat. No. 6,040,560 to
Fleischhauer et al., U.S. Pat. No. 7,040,314 to Nguyen et al.,
and U.S. Pat. No. 8,205,622 to Pan, all of which are
incorporated herein by reference in their enftireties. Refer-
ence also 1s made to the control schemes described 1 U.S.
Pat. No. 9,423,152 to Ampolini et al., which 1s incorporated
herein by reference 1n 1ts entirety.

In one embodiment the indicator 218 may comprise one
or more light emitting diodes. The indicator 218 can be 1n
communication with the control component 212 through the
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connector circuit 220 and be illuminated, for example,
during a user draw on a cartridge coupled to the coupler 202,
as detected by the flow sensor 210. The end cap 222 may be
adapted to make visible the 1llumination provided thereun-
der by the indicator 218. Accordingly, the indicator 218 may
be 1lluminated during use of the aerosol delivery device 100
to simulate the lit end of a smoking article. However, in
other embodiments the indicator 218 can be provided in
varying numbers and can take on different shapes and can
even be an opening 1n the outer body (such as for release of
sound when such indicators are present).

Still further components can be utilized in the aerosol
delivery device of the present disclosure. For example, U.S.
Pat. No. 5,154,192 to Sprinkel et al. discloses indicators for

smoking articles; U.S. Pat. No. 5,261,424 to Sprinkel, Jr.

discloses piezoelectric sensors that can be associated with
the mouth-end of a device to detect user lip activity asso-
ciated with taking a draw and then trigger heating of a
heating device; U.S. Pat. No. 5,372,148 to McCaflerty et al.
discloses a pull sensor for controlling energy flow mto a
heating load array in response to pressure drop through a

mouthpiece; U.S. Pat. No. 35,967,148 to Harris et al. dis-
closes receptacles 1n a smoking device that include an
identifier that detects a non-umiformity in infrared transmis-
sivity of an 1inserted component and a controller that
executes a detection routine as the component 1s inserted
into the receptacle; U.S. Pat. No. 6,040,560 to Fleischhauer
et al. describes a defined executable power cycle with
multiple differential phases; U.S. Pat. No. 5,934,289 to

Watkins et al. discloses photonic-optronic components; U.S.
Pat. No. 5,954,979 to Counts et al. discloses means for
altering draw resistance through a smoking device; U.S. Pat.
No. 6,803,345 to Blake et al. discloses specific battery
configurations for use 1n smoking devices; U.S. Pat. No.
7,293,565 to Griflen et al. discloses various charging sys-
tems for use with smoking devices; U.S. Pat. No. 8,402,976
to Fernando et al. discloses computer interfacing means for
smoking devices to facilitate charging and allow computer
control of the device; U.S. Pat. No. 8,689,804 to Fernando
et al. discloses 1dentification systems for smoking devices;

and WO 2010/003480 by Flick discloses a fluid flow sensing
system indicative of a pull in an aerosol generating system:;
all of the foregoing disclosures being incorporated herein by
reference 1n their enftireties. Further examples of compo-
nents related to electronic aerosol delivery articles and
disclosing materials or components that may be used in the
present article include U.S. Pat. No. 4,735,217 to Gerth et
al.; U.S. Pat. No. 5,249,586 to Morgan et al.; U.S. Pat. No.
5,666,977 to Higgins et al.; U.S. Pat. No. 6,053,176 to
Adams et al.; U.S. Pat. No. 6,164,287 to White; U.S. Pat.
No. 6,196,218 to Voges; U.S. Pat. No. 6,810,883 to Felter et
al.; U.S. Pat. No. 6,854,461 to Nichols; U.S. Pat. No.
7,832,410 to Hon; U.S. Pat. No. 7,513,253 to Kobayashi;
U.S. Pat. No. 7,896,006 to Hamano; U.S. Pat. No. 6,772,756
to Shayan; U.S. Pat. Nos. 8,156,944 and 8,375,957 to Hon;
U.S. Pat. No. 8,794,231 to Thorens et al.; U.S. Pat. No.
8,851,083 to Oglesby et al.; U.S. Pat. Nos. 8,915,254 and
8,925,555 to Monsees et al.; and U.S. Pat. No. 9,220,302 to
DePiano et al.; U.S. Pat. App. Pub. Nos. 2006/0196518 and
2009/0188490 to Hon; U.S. Pat. App. Pub. No. 2010/
0024834 to Oglesby et al.; U.S. Pat. App. Pub. No. 2010/
0307518 to Wang; WO 2010/091593 to Hon; and WO
2013/089551 to Foo, each of which 1s incorporated herein by
reference 1n 1ts entirety. A variety of the materials disclosed
by the foregoing documents may be incorporated into the
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present devices 1n various embodiments, and all of the
foregoing disclosures are incorporated herein by reference 1n
their entireties.

FIG. 3 illustrates the cartridge 300 of the aecrosol delivery
device 100 (see, FIG. 1) in an exploded configuration. As
illustrated, the cartridge 300 may comprise a base 302, a
control component terminal 304, an electronic component
306, a flow director 308, an atomizer 310, a reservoir 312
(e.g., a reservolr substrate), an outer body 314, a mouthpiece
316, a label 318, and first and second heating terminals 320,
321 according to an example embodiment of the present
disclosure.

In some embodiments the first and second heating termi-
nals 320, 321 may be embedded 1n, or otherwise coupled to,
the flow director 308. For example, the first and second
heating terminals 320, 321 may be insert molded 1n the flow
director 308. Accordingly, the flow director 308 and the first
and second heating terminals are collectively referred to
herein as a flow director assembly 322. Additional descrip-

tion with respect to the first and second heating terminals
320, 321 and the flow director 308 1s provided 1n U.S. Pat.

Pub. No. 2015/0335071 to Brinkley et al., which is incor-
porated herein by reference 1n 1ts entirety.

The atomizer 310 may comprise a liquid transport ele-
ment 324 and a heating element 326. The cartridge may
additionally 1nclude a base shipping plug engaged with the
base and/or a mouthpiece shipping plug engaged with the
mouthpiece 1n order to protect the base and the mouthpiece
and prevent entry of contaminants therein prior to use as
disclosed, for example, mm U.S. Pat. No. 9,220,302 to
Depiano et al., which 1s incorporated herein by reference 1n
its entirety.

The base 302 may be coupled to a first end of the outer
body 314 and the mouthpiece 316 may be coupled to an
opposing second end of the outer body to substantially or
tully enclose other components of the cartridge 300 therein.
For example, the control component terminal 304, the
clectronic component 306, the tflow director 308, the atom-
izer 310, and the reservoir 312 may be substantially or
entirely retained within the outer body 314. The label 318
may at least partially surround the outer body 314, and
optionally the base 302, and include information such as a
product i1dentifier thereon. The base 302 may be configured
to engage the coupler 202 of the control body 200 (sec, e.g.,
FIG. 2). In some embodiments the base 302 may comprise
anti-rotation features that substantially prevent relative rota-
tion between the cartridge and the control body as disclosed
in U.S. Pat. App. Pub. No. 2014/0261495 to Novak et al.,
which 1s incorporated herein by reference in its entirety.

The reservoir 312 may be configured to hold an aerosol
precursor composition. Representative types ol aerosol pre-
cursor components and formulations are also set forth and
characterized 1n U.S. Pat. No. 7,726,320 to Robinson et al.,
U.S. Pat. No. 8,881,737 to Collett et al., and U.S. Pat. No.
9,254,002 to Chong et al.; and U.S. Pat. Pub. Nos. 2013/
0008457 to Zheng et al.; 2015/0020823 to Lipowicz et al.;
and 2015/0020830 to Koller, as well as WO 2014/182736 to
Bowen et al, the disclosures of which are incorporated
herein by reference. Other aerosol precursors that may be
employed include the aerosol precursors that have been
incorporated in the VUSE® product by R. J. Reynolds Vapor
Company, the BLU product by Lorillard Technologies, the
MISTIC MENTHOL product by Mistic Ecigs, and the
VYPE product by CN Creative Ltd. Also desirable are the
so-called “smoke juices™ for electronic cigarettes that have
been available from Johnson Creek Enterprises LLC.
Embodiments of eflervescent materials can be used with the
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aerosol precursor, and are described, by way of example, 1n
U.S. Pat. App. Pub. No. 2012/0055494 to Hunt et al., which
1s 1ncorporated herein by reference. Further, the use of

cllervescent materials 1s described, for example, 1n U.S. Pat.
No. 4,639,368 to Niaz1 et al.; U.S. Pat. No. 5,178,878 to

Wehling et al.; U.S. Pat. No. 35,223,264 to Wehling et al.;
U.S. Pat. No. 6,974,590 to Pather et al.; U.S. Pat. No.
7,381,667 to Bergquist et al.; U.S. Pat. No. 8,424,341 to
Crawiord et al; U.S. Pat. No. 8,627,828 to Strickland et al.;
and U.S. Pat. No. 9,307,787 to Sun et al.; as well as U.S. Pat.
App. Pub. No. 2010/0018539 to Brinkley et al. and PCT WO
97/06786 to Johnson et al., all of which are incorporated by
reference herein. Additional description with respect to
embodiments of aerosol precursor compositions, including
description of tobacco or components derived from tobacco
included therein, 1s provided in U.S. patent application Ser.
Nos. 15/216,582 and 15/216,590, each filed Jul. 21, 2016
and each to Davis et al., which are incorporated herein by
reference 1n their entireties.

The reservoir 312 may comprise a plurality of layers of
nonwoven {ibers formed into the shape of a tube encircling
the interior of the outer body 314 of the cartridge 300. Thus,
liguid components, for example, can be sorptively retained
by the reservoir 312. The reservoir 312 1s in fluid connection
with the liquid transport element 324. Thus, the liquid
transport element 324 may be configured to transport liquid
from the reservoir 312 to the heating eclement 326 wvia
capillary action or other liquid transport mechanism.

As 1llustrated, the liquid transport element 324 may be 1n
direct contact with the heating element 326. As further
illustrated 1n FIG. 3, the heating element 326 may comprise
a wire defining a plurality of coils wound about the liquid
transport element 324. In some embodiments the heating
clement 326 may be formed by winding the wire about the
liquid transport element 324 as described 1n U.S. Pat. No.
9,210,738 to Ward et al., which 1s incorporated herein by
reference in 1ts entirety. Further, in some embodiments the
wire may define a variable coil spacing, as described in U.S.
Pat. No. 9,277,770 to DePiano et al., which 1s incorporated
herein by reference in 1ts entirety. Various embodiments of
materials configured to produce heat when electrical current
1s applied therethrough may be employed to form the
heating element 326. Example matenials from which the
wire coill may be formed include Kanthal (FeCrAl),
Nichrome, Molybdenum disilicide (MoSi1,), molybdenum
silicide (MoS1), Molybdenum disilicide doped with Alumi-
num (Mo(S1,Al),), graphite and graphite-based matenals;
and ceramic (e.g., a positive or negative temperature coel-
ficient ceramic).

However, various other embodiments of methods may be
employed to form the heating element 326, and various other
embodiments ol heating elements may be employed 1n the
atomizer 310. For example, a stamped heating element may
be employed 1n the atomizer, as described m U.S. Pat. App.
Pub. No. 2014/0270729 to DePiano et al., which 1s incor-
porated herein by reference in 1ts entirety. Further to the
above, additional representative heating elements and mate-
rials for use therein are described 1n U.S. Pat. No. 5,060,671
to Counts et al.; U.S. Pat. No. 5,093,894 to Deevi et al.; U.S.
Pat. No. 5,224,498 to Deevi et al.; U.S. Pat. No. 5,228,460
to Sprinkel Jr., et al.; U.S. Pat. No. 5,322,075 to Deevi et al.;
U.S. Pat. No. 5,353,813 to Deevi et al.; U.S. Pat. No.
5,468,936 to Deevi et al.; U.S. Pat. No. 5,498,850 to Das:
U.S. Pat. No. 5,659,656 to Das; U.S. Pat. No. 5,498,855 to
Deevi et al.; U.S. Pat. No. 5,530,225 to Hajaligol; U.S. Pat.
No. 5,665,262 to Hajaligol; U.S. Pat. No. 5,573,692 to Das
et al.; and U.S. Pat. No. 5,591,368 to Fleischhauer et al., the
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disclosures of which are incorporated herein by reference 1n
their entireties. Further, chemical heating may be employed
in other embodiments. Various additional examples of heat-
ers and materials employed to form heaters are described 1n
U.S. Pat. No. 8,881,737 to Collett et al., which 1s 1ncorpo-
rated herein by reference, as noted above.

A variety of heater components may be used 1n the present
acrosol delivery device. In various embodiments, one or
more microheaters or like solid state heaters may be used.
Microheaters and atomizers incorporating microheaters suit-
able for use 1n the presently disclosed devices are described
i U.S. Pat. No. 8,881,737 to Collett et al., which 1s
incorporated herein by reference 1n 1ts entirety.

The first heating terminal 320 and the second heating
terminal 321 (e.g., negative and positive heating terminals)
are configured to engage opposing ends of the heating
clement 326 and to form an electrical connection with the
control body 200 (see, e¢.g., FIG. 2) when the cartridge 300
1s connected thereto. Further, when the control body 200 1s
coupled to the cartridge 300, the electronic component 306
may form an electrical connection with the control body
through the control component terminal 304. The control
body 200 may thus employ the electronic control component
212 (see, FIG. 2) to determine whether the cartridge 300 1s
genuine and/or perform other functions. Further, various
examples of electronic control components and functions
performed thereby are described 1n U.S. Pat. App. Pub. No.
2014/0096781 to Sears et al., which 1s incorporated herein
by reference 1n its entirety.

During use, a user may draw on the mouthpiece 316 of the
cartridge 300 of the aerosol delivery device 100 (see, FIG.
1). This may pull air through an opening 1n the control body
200 (see, e.g., FIG. 2) or in the cartridge 300. For example,
in one embodiment an opening may be defined between the
coupler 202 and the outer body 204 of the control body 200
(see, e.g., FIG. 2), as described 1n U.S. Pat. No. 9,220,302
to DePiano et al., which 1s incorporated herein by reference
in its entirety. However, the flow of air may be received
through other parts of the aerosol delivery device 100 in
other embodiments. As noted above, 1n some embodiments
the cartridge 300 may include the flow director 308. The
flow director 308 may be configured to direct the flow of air
received from the control body 200 to the heating element
326 of the atomizer 310.

A sensor 1n the aerosol delivery device 100 (e.g., the flow
sensor 210 1n the control body 200; see, FIG. 2) may sense
the pull. When the puil 1s sensed, the control body 200 may
direct current to the heating element 326 through a circuit
including the first heating terminal 320 and the second
heating terminal 321. Accordingly, the heating element 326
may vaporize the aerosol precursor composition directed to
an aerosolization zone from the reservoir 312 by the liquid
transport element 324. Thus, the mouthpiece 326 may allow
passage of air and entrained vapor (1.e., the components of
the aerosol precursor composition 1n an inhalable form)
from the cartridge 300 to a consumer drawing thereon.

Various other details with respect to the components that
may be included in the cartridge 300 are provided, for
example, 1n U.S. Pat. App. Pub. No. 2014/0261495 to
DePiano et al., which 1s incorporated herein by reference 1n
its entirety. Additional components that may be included 1n
the cartridge 300 and details relating thereto are provided,
for example, 1n U.S. Pat. Pub. No. 2015/0335071 to Brin-
kley et al., filed May 23, 2014, which 1s incorporated herein
by reference 1n 1ts entirety.

Various components of an aerosol delivery device accord-
ing to the present disclosure can be chosen from components
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described 1n the art and commercially available. Reference
1s made for example to the reservoir and heater system for
controllable delivery of multiple aerosolizable materials 1n
an electronic smoking article disclosed 1n U.S. Pat. App.
Pub. No. 2014/0000638 to Sebastian et al., which 1s incor-
porated herein by reference 1n 1ts entirety.

In another embodiment substantially the entirety of the
cartridge may be formed from one or more carbon materials,
which may provide advantages 1n terms of biodegradability
and absence of wires. In this regard, the heating element may
comprise carbon foam, the reservoir may comprise carbon-
1zed fabric, and graphite may be employed to form an
clectrical connection with the power source and control
component. An example embodiment of a carbon-based
cartridge 1s provided in U.S. Pat. App. Pub. No. 2013/
0255702 to Grnilith et al., which 1s incorporated herein by
reference 1n 1ts entirety.

However, in some embodiments 1t may be desirable to
provide aerosol delivery devices with alternative configura-
tions. In this regard, FIG. 4 illustrates an aerosol delivery
device 400 according to an example embodiment of the
present disclosure. Where not otherwise described and/or
illustrated, the components of the aerosol delivery device
400 may be substantially similar to, or the same as, corre-
sponding components described above.

As 1llustrated, the aerosol delivery device may include a
control body 200. The control body 200 may be similar to,
or the same as the control body 200 described above (see,
FIG. 2), and hence description thereof will not be repeated.
However, in some embodiments the flow sensor 210 (sec,
FIG. 2) may comprise a microphone configured to detect a
user draw on the cartridge 500. Further, other embodiments
of the control body may be employed 1n the aerosol delivery
device such as fob-shaped control bodies.

Further, the aerosol delivery device 400 may include a
cartridge 300. The cartridge 3500 may differ from the
embodiment of the cartridge 300 described above with
respect to FIGS. 1 and 3. In this regard, the cartridge 500
may not include an atomizer. Rather, the aerosol delivery
device 400 may further comprise an atomizer body 600,
which may include an atomizer, as described 1n detail below.
Thus, whereas the aerosol delivery device 100 described
above with respect to FIG. 1 includes two separable com-
ponents (namely, the control body 200 and the cartridge
300), the aerosol delivery device 400 of FIG. 4 includes
three separable components (namely, the control body 200,
the cartridge 500, and the atomizer body 600).

More particularly, the control body 200 may be config-
ured to releasably engage the atomizer body 600. Further,
the atomizer body 600 may be configured to releasably
engage the cartridge 500. As described hereinafter, the
atomizer of the atomizer body 600 may be configured to
receive an electrical current from the control body 200 and
the aerosol precursor composition from the cartridge 500 to
produce an aerosol.

FIG. § 1llustrates an exploded view of the cartridge 500.
As 1llustrated, the cartridge 500 may include a reservoir 502
and a valve assembly 504. The reservoir 502 may be
configured to contain an aerosol precursor composition 506.
In some embodiments the reservoir 302 may comprise a
translucent or transparent material, such that a user may
view the quantity of the aerosol precursor composition 506
remaining therein. The aerosol precursor composition 506
may be dispensed or otherwise directed into the reservoir
502. For example, as illustrated in FIG. 6, a filling needle
508 may be directed into the reservoir 302 and the aerosol
precursor composition 306 may be dispensed therefrom.

10

15

20

25

30

35

40

45

50

55

60

65

14

Thereatter, the valve assembly 504 may be 1nserted into
the reservoir 502. The valve assembly 504 may seal the
aerosol precursor composition 506 in the reservoir 502.
Accordingly, the valve assembly 504 may retain the aerosol
precursor composition 506 in the reservoirr 502 without
requiring usage of a reservoir substrate. However, as
described hereinafter, the valve assembly 504 may allow the
aerosol precursor composition 506 to flow to the atomizer
body 600 when engaged therewith.

In some embodiments the valve assembly 504 may be
allixed to the reservoir 304. For example, the valve assembly
504 may be ultrasonically welded to the reservoir 502. As
may be understood, various other mechanisms and tech-
niques such as usage of an adhesive may be employed to
retain the valve assembly 504 in engagement with the
reservoir 502. However, usage of ultrasonic welding may be
preferable in that it may provide a hermetic seal without
requiring an additional component or substance to form the
seal. Thereby, nondestructive removal of the valve assembly
504 from the reservoir 502 may be prevented, such that the
reservoir may not be refilled as described below 1n greater
detaul.

FIG. 7 1llustrates an enlarged view of the valve assembly
504. As illustrated, the valve assembly 504 may include a
frame 3510. A base 3512 of the frame 510 may be ultrasoni-
cally welded to an 1nner surface of the reservoir 5302 to form
the cartridge 500 (see, e.g., FIG. 5), as described above.
Further, the frame 510 may include at least one connector
portion 514, a first plate 516, a second plate 518, and at least
one spacer 520. The connector portion 514 may extend from
the base 512 to the first plate 516. The first plate 516 and the
second plate 518 may be positioned adjacent to one another
with a space defined therebetween. In this regard, the spacer
520 may extend between and separate the first plate 516 and
the second plate 518 such that the first plate and the second
plate are separated. A dispensing capillary tube 522 may
extend through the first plate 516 to the space defined
between the first plate and the second plate 518.

Further, the valve assembly 504 may include one or more
seals. In particular, the valve assembly 504 may include a
reservoir seal 524. The reservoir seal 524 may be configured
to seal against the inside of the reservoir 502 to seal the
aerosol precursor composition 506 1n the reservoir (sec, e.g.,
FIG. 5). The reservoir seal 524 may be molded to the frame
510 (e.g., msert molded).

Further, the valve assembly 504 may include a dispensing
seal 526. The dispensing seal 526 may be positioned at the
dispensing capillary tube 522. In particular, the dispensing
seal 526 may be configured to seal the dispensing capillary
tube 522 closed.

The reservoir seal 524 and/or the dispensing seal 526 may
be molded to the frame 510. For example, the dispensing
seal 526 and/or the reservoir seal 524 may be overmolded on
the frame 510. By molding one or both of the seals 524, 526
to the frame 510, a strong bond may be formed therebetween
that retains the seals in engagement with the frame.

In some embodiments the frame 510 may comprise a
plastic material. An example commercially-available mate-
rial that may be included in the frame 510 1s TRITAN
copolyester, sold by Eastman Chemical Company of King-
sport, TN. Further, in some embodiments the reservoir seal
524 and/or the dispensing seal 526 may comprise silicone,
thermoplastic polyurethane, or other resilient matenal.

Regarding additional components of the acrosol delivery
device 400 (sec, FI1G. 4), the atomizer body 600 1s 1llustrated
in a partially exploded configuration 1in FIG. 8. As 1llus-
trated, the atomizer body 600 may include an outer body
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602. The outer body 602 may be configured to engage a base
604. For example, the outer body 602 may comprise a metal
material (e.g., stainless steel), which may be crimped to the
base 604, which may comprise a plastic material. When the
outer body 602 1s engaged with the base 604, various other
components of the atomizer body 600 may be substantially
enclosed therein.

For example, the atomizer body 600 may further comprise
an atomizer 606. An example embodiment of the atomizer
606 1s 1llustrated 1n FIG. 9. As 1llustrated, the atomizer 606
may comprise a liquid transport element 608 and a heating,
clement 610. The liquid transport element 608 may comprise
a porous monolith. For example, the liquid transport element
608 may comprise a ceramic.

The heating element 610 may comprise a wire, which may
be coiled about the liquid transport element 608. In some
embodiments the wire may comprise titantum, Kanthal
(FeCrAl), Nichrome, Molybdenum disilicide (MoS1,),
molybdenum silicide (MoS1), Molybdenum disilicide doped
with Aluminum (Mo(S1,Al),), graphite and graphite-based
materials; ceramic (e.g., a positive or negative temperature
coellicient ceramic), Tungsten, and Tungsten-based alloys,
or any other suitable materials, such as those noted else-
where hereimn. Usage of Tungsten and Tungsten-based alloys
may be desirable in that these materials may define a
coellicient of expansion suitable for usage with many ceram-
ics, which may be employed 1n the liquid transport element
608.

The wire of the heating element 610 may be at least
partially imbedded 1n the liqud transport element 608. In
this regard, the wire of the heating element 610 may be
imbedded in the liquid transport element 608 before the
liquid transport element 1s fired in a high temperature oven
known as a kiln. For example, the wire may be wrapped
about a long section of the base material from which the
ceramic 1s formed prior to finng the material. Examples of
such base material employed to form the ceramic in the
liquad transport element 608 may include clay, oxides,
nonoxides, and composites. Thereby, the wire may at least
partially imbed in the base material during wrapping there-
about. The base material and the wire may then be fired 1n
the kiln. Afterwards, a gang saw or other cutting device may
divide the product into individual atomizers 606 having a
desired length.

The atomizer 606 may further comprise a capillary rod
612. In this regard, the liquid transport element 608 may
define a tube. In other words, the liqud transport element
608 may include an aperture extending longitudinally there-
through. Thereby, the capillary rod 612 may extend longi-
tudinally through the liquid transport element 608. As such,
the capillary rod 612 may be configured to direct the aerosol
precursor composition through the liquid transport element
608. In this regard, the spacing between the capillary rod 612
and the 1nner surface of the liquid transport element 608 may
define a capillary channel that directs the aerosol precursor
composition therethrough. The aerosol precursor composi-
tion may then be drawn generally radially outwardly through
the liquid transport element 608 during activation of the
heating element 610.

The atomizer body 600 (see, FIG. 4) may additionally
include a first atomizer seal 614, which 1s 1llustrated in FIG.
9. The first atomizer seal 614 may engage a first end of the
liquad transport element 608 and a first end of the capillary
rod 612, which may define a head portion 616. Thereby, the
liguid transport element 608 may be sealed to the head
portion 616 of the capillary rod 612 to prevent leakage of the
aerosol precursor composition therebetween.
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FIG. 10 1llustrates an exploded view of the base 604 and
a plurality of terminals configured to engage the base. The
terminals include a first heating terminal 618, a second
heating terminal 620, and an electronic component terminal
622. The electronic component terminal 622 may be
engaged with an electronic component 624 that verifies that
the atomizer body 600 (see, e.g., FIG. 8) 1s genuine and/or
provides other functions as described elsewhere herein.

The assembled configuration of the terminals 618, 620,
622 (see, FIG. 10) and the base 604 1s illustrated in FIG. 11.
As 1illustrated, the first heating terminal 620 may include a
first clip 626. Further, the second heating terminal 620 may
include a second clip 628.

As 1llustrated 1n FIG. 12, the first clip 626 and the second
clip 628 may be aligned such that the liguid transport
clement 608 may be received therein and held 1n place. In
this regard, the liquid transport element 608 may be mserted
from a side through openings at each clip 626, 628 into
engagement therewith. The first clip 626 and the second clip
628 may contact opposing ends of the heating element 610,
such that current may be directed therethrough via the first
heating terminal 618 and the second heating terminal 620. In
some embodiments the clips 626, 628 may be welded (e.g.,
laser welded) to the heating element 610 to provide a secure
connection therewith. For example, laser beams may be
directed at each of the clips 626, 628, which may cause
welds to form the clips and the heating element 610.

The atomizer body 600 (see, e.g., FIG. 4) may addition-
ally include a second atomizer seal 630 and an atomizer
body seal 632. As illustrated 1n FIG. 8, the atomizer body
seal 632 may extend over the liquid transport element 608
and the heating terminals 618, 620 and 1nto engagement with
the base 604. As further illustrated 1n FIG. 8, the second
atomizer seal 630 may be configured to engage the second
end of the liqud transport element 608. Thereby the atom-
izer body seal 632 may extend over the liquid transport
clement 608 and the first and second heating terminals 618,
620 such that the liquid transport element cannot decouple
from the first clip 626 (see, e.g., FIG. 12). Similar, the
second atomizer seal 630 may extend over the liquid trans-

port element 608 and the second heating terminal 620 such
that the liquid transport element cannot decouple from the
second clip 628 (see, e¢.g., FIG. 12). Accordingly, the liquid
transport element 608 may remain 1 engagement with the
heating terminals 618, 620.

Further, the second atomizer seal 630 and the atomizer
body seal 632 may form seals. In this regard, the atomizer
body seal 632 may seal against the base 604 and the outer
body 602 when the outer body 1s engaged therewith. The
second atomizer seal 630 and the atomizer body seal 632
may each engage mner surfaces of the outer body 602 to
prevent leakage. In particular, the second atomizer seal 630
may engage an inner surface of the outer body 602 such that
the aerosol precursor composition does not leak between the
liguid transport element 608 and the outer body, but is
instead directed through the longitudinal aperture defined
through the liquid transport element.

Further, the atomizer body seal 632 may engage the inner
surface of the outer body 602 and the base 604. Thereby, air
may only enter the outer body 602 during a user draw
through the base 604 through the atomizer body seal 632. In
this regard, the atomizer body seal 632 may include one or
more air tlow apertures 634 configured to receive the air
from the base 604 and direct the air to the outside of the
atomizer 606. As discussed below, the aerosol produced at
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the atomizer 606 may then be directed out of the atomizer
body 600 through the cartridge 500 (see, e.g., FIG. 4) to the
user.

Operation of the aerosol delivery device 400 1s described
hereinafter 1n greater detail. As illustrated in FIG. 13, the
atomizer body 600 may be engaged with the control body
200. Further, the cartridge 500 may be engaged with the
atomizer body 600 such that the atomizer body 1s positioned
between the control body and the cartridge 500. However, as
may be understood, the atomizer body 600, the control body
200, and the cartridge 500 may be arranged differently in
other embodiments.

The connection between the control body 200 and the
atomizer body 600 via the first and second heating terminals
618, 620 and the electronic component terminal 622 (sec,
¢.g., FIG. 10) allows the control body 200 to direct electrical
current to the atomizer 606 when a pufl on the aerosol
delivery device 400 1s detected. In this regard, a longitudinal
end of the cartridge 500 opposite from the atomizer body
600 may define a mouthpiece 528. When the user draws on
the mouthpiece 528, air 223 may be directed through an air
intake 224, which may be defined between the coupler 202
and the outer body 204 of the control body 200. The air 223
drawn through the air intake 224 may be drawn through the
coupler 202 of the control body 200 and then through the
base 604 and the atomizer body seal 632 into an atomization
cavity 638 of the atomizer body 600. Further, the air 223
may cool the electronic component 624 (see, e.g., FIG. 10)
as 1t passes through the base 604 to reduce risk with respect
to temperature-related degradation thereof.

The air 223 may be drawn through the air intake 224, as
opposed to through the connection between the cartridge
500 and the atomizer body 600 due to inclusion of an O-ring
640 at an outer surface thereol, which may engage and seal
against an mnner surface of the reservoir 302 of the cartridge
500. Further, the reservoir 502 may define a detent 530 at an
inner surface thereof that may engage a recess 642. Thereby,
the atomizer body 600 may remain in secure engagement
with the cartridge 500. To the extent any air enters the
acrosol delivery device 400 between the control body 200
and the atomizer body 600, rather than through the air intake
224, this air may be combined with the air received through
the air intake 224 at the atomization cavity 638.

The detent 530 and the recess 642 may additionally or
alternatively provide other functions. In this regard, 1n some
embodiments engagement of the detent 530 with the recess
642 may be required 1n order to allow for operation of the
device. For example, engagement of the detent 530 with the
recess 642 may complete a circuit with the electronic
component 624 (sec, e.g., FIG. 10), required for operation of
the aerosol delivery device.

As the air 1s drawn through the air intake 224, the flow
sensor 210 (see, FIG. 2) may detect the draw. Thereby, the
control body 200 may direct current through the heating
terminals 618, 620 to the atomizer 606. As the atomizer 606
heats, the aerosol precursor composition 506 may be vapor-
1zed at the atomizer. In this regard, the aerosol precursor
composition 506 may be retained 1n a precursor cavity 532
in the reservoir 502. The aerosol precursor composition 506
may be directed through the valve assembly 504 to the
atomizer 606.

In this regard, the valve assembly 504 may be configured
to dispense the aerosol precursor composition 306 to the
atomizer body 600 when engaged therewith. At other times
the valve assembly 504 may remain in a closed configura-
tion so as to retain the aerosol precursor composition 506 in
the reservoir 502. More particularly, the atomizer body 600
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may include a nozzle 644. The nozzle 644 may be config-
ured to engage the valve assembly 504. In this regard, the
nozzle 644 may be configured to extend through the reser-
volr seal 524 and engage the dispensing seal 526. Accord-
ingly, the aerosol precursor composition 306 retained in the
precursor cavity 532 may be directed through the valve
assembly 504 to the nozzle 644.

As 1llustrated i FIGS. 14 and 15, the aerosol precursor
composition 506 may flow through a gap defined between
the radial outer edges of the first plate 516 and the second
plate 518 of the valve assembly 504 and an inner surface of
the reservoir 502 and 1nto a space defined between the first
plate and the second plate. More particularly, FIG. 15
illustrates an enlarged view of area Z from FIG. 14. As
illustrated, capillary action may draw the aerosol precursor
composition 506 between the first plate 516 and the second
plate 518.

In some embodiments internal surfaces of the first plate
516 and the second plate 518 may define an angle with
respect to each other. In particular, the first plate 516 and the
second plate 518 may be shaped and configured such that the
internal surfaces are furthest from one another proximate the
outer edges thereot, and closest to one another proximate the
dispensing capillary tube 522. Thereby a distance between
the first plate 516 and the second plate may decrease from
the outer edges of the plates towards the centers thereof. For
example, the inner surfaces of the first plate 516 and the
second plate 518 may define an angle with respect to one
another, which may be between about 1 degrees and about
S degrees 1n some embodiments. By configuring the first
plate 516 and the second plate 518 in this manner, a “drait”
may be created, which draws the aerosol precursor compo-
sition toward the dispensing capillary tube 522. Accordingly,
the aerosol precursor composition may be drawn into the
dispensing capillary tube 522 (sec, e.g., FIG. 13) defined
through the first plate, such that flow of the aerosol precursor
composition thereto may occur 1n any orientation i which
the aerosol precursor composition contacts the first plate 516
and the second plate 518. Further, an entrained volume of
the aerosol precursor composition 306 1n the valve assembly
504 and downstream components may allow for continued
operation 1n any orientation (e.g., about fifteen to twenty
pulls) before the orientation of the aerosol delivery device
400 (see, e.g., FIG. 13) would need to be changed to one 1n
which the aerosol precursor composition contacts the first
plate 516 and the second plate 518.

Further, the dispensing seal may seal against the nozzle
644. This may 1solate a nozzle orifice at an end of the nozzle
644 1n order to draw aerosol precursor composition from the
fluid volume between the first plate 516 and the second plate
518. This configuration operates as a thermal pump, pro-
viding additional efliciency 1n the transport of the aerosol
precursor composition and more eflicient extraction of sub-
stantially all of the aerosol precursor composition from the
precursor cavity 532. In other words, this design 1s config-
ured to allow substantially complete consumption of the
aerosol precursor composition contain such that the car-
tridge 500 can be run “dry,” such that the consumer does not
percerve any residual aerosol precursor composition left in
the precursor cavity 532.

Thereby, as illustrated 1n FIG. 13, the aerosol precursor
composition 506 may be directed through the nozzle 644
into the liquid transport element 608. The aerosol precursor
composition 506 may then be vaporized by the heating
clement 610 directly or via heating of the liquid transport
clement 608. Accordingly, the resultant vapor or aerosol 646
may be produced at the atomization cavity 638 and then be
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directed to the user. In this regard, the outer body 602 of the
atomizer body 600 may include one or more air tlow
apertures 648 extending therethrough and 1n fluid commu-
nication with the atomization cavity 638. Further, one or
more air flow apertures 334 may be defined through the
reservoir seal 524 of the valve assembly 504 and align with
the air flow apertures 648 extending through the outer body
602 of the atomizer body 600.

Additionally, the reservoir 502 may include one or more
air flow apertures 536 extending from the valve assembly
504 to the mouthpiece 528. The air tlow apertures 536
extending through the reservoir 502 may be separated from
the precursor cavity 332 in which the aerosol precursor
composition 506 1s received. In this regard, the air tlow
apertures 536 may be defined through the material forming
the reservoir 502 circumierentially about the precursor cav-
ity 532. Accordingly, the acrosol 646 may be directed from
the atomization cavity 638 through the mouthpiece 528 to
the user.

As described above with reference to FIG. 13, the car-
tridge 500 may include the aerosol precursor composition
506 and the atomizer body 600 may include the atomizer
606. By allowing for replacement of the cartridge 300
without requiring replacement of the atomizer 606 at the
same time, the cost associated with usage of the aerosol
delivery device 400 may be reduced. In this regard, in some
embodiments the atomizer 606 may have a useable life
configured to atomize a quantity of aerosol precursor com-
position 506 contained 1n about two hundred to about three
hundred cartridges 500 before requiring replacement.

In contrast, the cartridge 500 may be configured to be
discarded after the aerosol precursor composition 506 is
depleted therefrom. In this regard, the cartridge 500 may be
configured to prevent refilling thereof. FIG. 16 1llustrates a
view ol the cartridge 500 at the valve assembly 504. As
illustrated, the reservoir seal 524 may define an orifice 538
configured to guide and receive the nozzle 644 of the
atomizer body 600 (sec, e.g., FIG. 13), as described above.
As may be understood, a user may attempt to employ the
orifice 538 to refill the reservoir 502 with aerosol precursor
composition. However, the valve assembly 504 may be
configured to resist refilling.

In this regard, the frame 510 may include one or more
protrusions 340 that extend outwardly from the reservoir
seal 524. In some embodiments the protrusions 540 may be
defined by the connector portions 514 (see, FIG. 7) of the
frame 510. As a result of the protrusions 540 protruding
outwardly from the reservoir seal 524, a bottle nozzle or
glass dripper may not be able to form a face seal with respect
to the reservoir seal, which may be required to allow tlow of
fluad through the reservoir seal. In this regard, the reservoir
seal 524 and the dispensing seal 526 (see, FIG. 7) may define
valves that are closed 1n an unbiased configuration and
which open during engagement with the nozzle 644 when
the cartridge 500 engages the atomizer body 600 (sec, e.g.,
FIG. 13). As a result of resisting the formation of seal with
respect to most bottle nozzles and glass drippers, the reser-
voir seal 524 may thereby resist refilling of the reservoir
502.

Further, by employing two or more of the protrusions 540
around the orifice 538, a width of any nozzle that may
engage the orifice 338 may be restricted to further limit the
type of nozzle that may extend through the orifice and/or
form a face seal therewith. In some embodiments the orifice
may define a diameter from about one millimeter to about
three millimeters, which may be too small for standard
e-liquid bottle nozzles or glass dropper tips to be inserted
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therein. Further, usage of both the reservoir seal 524 and the
dispensing seal 526, each formed from a resilient material
and separated from one another, may make 1t diflicult to
employ a hypodermic needle to refill the reservoir 502.

Attempts to refill the cartridge 500 by forming a seal with
an 1nner surface of the base 512 of the frame 510 to refill the
reservoir 502 may also fail. In this regard, the air flow
apertures 534 defined 1n the reservoir seal 524 would allow
aerosol precursor composition to flow out of the cartridge
500 through the air flow apertures 536 (see, FIG. 13) defined
in the reservoir 502, thereby resisting refilling of the reser-
voir 502.

Additionally, as noted above, the valve assembly 504 may
be recessed 1n and aflixed to the reservoir 302 (e.g., via
ultrasonic welding). As such, the valve assembly 504 may
not be removed from the reservoir 502 without damaging
one or both of these components, thereby further resisting
refilling of the cartridge 500). Additionally, in view of the
atomizer 606 being included 1n a separate atomizer body 600
(see, e.g., FIG. 13) imnstead of in the cartridge 500, the
cartridge may be priced relatively more inexpensively,
which may mitigate cost savings as a driving factor for a
user attempting to refill the cartridge.

In an additional embodiment an aerosol delivery device
operation method 1s provided. As illustrated 1n FIG. 17, the
method may include directing an aerosol precursor compo-
sition from a reservoir of a cartridge out of the cartridge
through a valve assembly at operation 702. Directing the
aerosol precursor composition from the reservoir of the
cartridge out of the cartridge through the valve assembly at
operation 702 may include directing the aerosol precursor
composition through a dispensing capillary tube, a dispens-
ing seal at the dispensing capillary tube and a reservoir seal
at the reservoir. Further, the method may include receiving
the aerosol precursor composition 1 an atomizer body at
operation 704. The method may additionally 1include direct-
ing the aerosol precursor composition to an atomizer 1n the
atomizer body at operation 706. The method may further
include directing an electrical current from a control body to
the atomizer to produce an aerosol at operation 708.

In some embodiments directing the aerosol precursor
composition out of the cartridge through the valve assembly
at operation 702 may further include directing the aerosol
precursor composition between a first plate and a second
plate positioned adjacent to one another with a space defined
therebetween and out of the space through the dispensing
capillary tube extending through the first plate. Directing the
aerosol precursor composition out of the cartridge through
the valve assembly at operation 702 may further include
engaging a nozzle of the atomizer body with the valve
assembly. Engaging the nozzle with the valve assembly may
include directing the nozzle through the reservoir seal of the
valve assembly. Engaging the nozzle with the valve assem-
bly may further include engaging the nozzle with the dis-
pensing seal of the valve assembly at the dispensing capil-
lary tube.

In some embodiments receiving the aerosol precursor
composition in the atomizer body at operation 704 com-
prises directing the aerosol precursor composition between
the nozzle and a capillary rod. Directing the acrosol precur-
sor composition to the atomizer in the atomizer body at
operation 706 may include directing the aerosol precursor
composition between the capillary rod and a liquid transport
clement of the atomizer. The method may further include
directing the aerosol through one or more air flow apertures
extending through the cartridge. Directing the aerosol
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through one or more air flow apertures extending through
the cartridge may include directing the aerosol through the
valve assembly.

As may be understood, the apparatuses and method of the
present disclosure may vary. In this regard, FIG. 18 illus-
trates a cartridge 800 and an atomizer 900 according to an
additional example embodiment of the present disclosure. In
particular, FIG. 18 1illustrates the cartridge 800 and the
atomizer 900 1 an assembled configuration, and engaged
with one another. The atomizer 900 may be configured to
engage a control body such as the control body 200 (sec,
¢.g., FIG. 2) described above. It should be noted that with
regard to this embodiment, the atomizer 900 may also
comprise the atomizer body and thus the terms atomizer and
atomizer body may be used interchangeably. Where not
otherwise described and/or illustrated, the components of an
aerosol delivery device according to this embodiment may
be substantially similar to, or the same as, corresponding
components described above.

FIGS. 19 and 20 1llustrate the atomizer 900 by 1tself. FIG.
19 1llustrates the atomizer 900 1n an assembled configuration
(minus a label 902), whereas FIG. 20 illustrates the atomizer
body 1n an exploded configuration. As illustrated, the atom-
izer 900 may include the label 902, a base 904, an atomizer
air valve 906, a terminal base 908, a first heating terminal
910, a second heating terminal 912, a liqud transport
clement 914, a flow director 916, an outer o-ring 918, and an
outer body 920. As 1llustrated 1n FIG. 19, the outer body 920
may include a nozzle 922 and a plurality of vapor apertures
924,

In various embodiments, a control body may be config-
ured to releasably engage the atomizer 900. Further, the
atomizer 900 may be configured to releasably engage the
cartridge 800. As described heremafiter, the atomizer 900
may be configured to receive an electrical current from the
control body and the aerosol precursor composition from the
cartridge 800 to produce an aerosol.

Referring to FIG. 20, the atomizer 900 may also include
a terminal base 908. In various embodiments, the terminal
base may be constructed of a plastic material, including, but
not limited to, a silicone, a thermoplastic polyurethane, or
another resilient material. An example commercially-avail-
able material that may be used for the terminal base 1is
TRITAN copolyester, sold by Eastman Chemical Company
of Kingsport, TN. In the illustrated embodiment, the first
heating terminal 910 and the second heating terminal 912
pass through the terminal base 908. In various embodiments,
the first heating terminal 910 and the second heating termi-
nal 912 may be mserted molded within the terminal base
908. In such a manner, the terminal base 908 may comprise
an overmold with the first heating terminal 910 and the
second heating terminal 912 fixedly attached therein.

FIGS. 21 and 22 illustrate separate views of the cartridge
800. As 1llustrated, the cartridge 800 may include an internal
reservoilr 802 and a central passageway 804. The cartridge
may also include a dispensing valve 806 and a substantially
circular vapor flow groove 808 defined 1n a bottom surface
of the cartridge 800 that leads to a pair of vertical cartridge
vapor channels 810. As with the embodiments described
above, the reservoir 802 may be configured to contain an
aerosol precursor composition. In some embodiments the
cartridge 800 may comprise a translucent or transparent
material, such that a user may view the quantity of the
aerosol precursor composition remaining therein. The aero-
sol precursor composition may be dispensed or otherwise
directed into the reservoir 802. The valve 806 may seal the
aerosol precursor composition in the reservoir 802. How-
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ever, as described hereinafter, the valve 806 may allow the
aerosol precursor composition to flow to the atomizer 900
when engaged therewith.

FIG. 23 illustrates an example embodiment of the liquid
transport element 914. Also shown are a heating element 926
for use with the atomizer 900, the first heating terminal 910,
and the second heating terminal 912. Note that to simply the
figure, the terminal base 908 1s not shown. In various
embodiments, the liquid transport element 914 may com-
prise a porous monolith. For example, the liquid transport
clement 608 may comprise a ceramic. As 1llustrated, the
heating element 926 may comprise a wire, which may be
colled about an 1nside surface of the liquid transport element
914. In some embodiments, the wire may comprise titanium,
Kanthal (FeCrAl), Nichrome, Molybdenum disilicide
(Mo0S1,), molybdenum silicide (MoS1), Molybdenum disili-
cide doped with Aluminum (Mo(S1,Al),), graphite and
graphite-based materials; ceramic (e.g., a positive or nega-
tive temperature coellicient ceramic), Tungsten, and Tung-
sten-based alloys, or any other suitable materials, such as
those noted elsewhere herein. Usage of Tungsten and Tung-
sten-based alloys may be desirable 1n that these matenals
may define a coeflicient of expansion suitable for usage with
many ceramics, which may be employed in the liquid
transport element 914.

The wire of the heating element 926 may be at least
partially imbedded 1n the liquid transport element 914. In
this regard, the wire of the heating eclement 926 may be
imbedded in the liquid transport element 914 belfore the
liquid transport element 1s fired 1n a high temperature oven
known as a kiln. In various embodiments, the first heating
terminal 910 contacts one end of the heating element 926
and the second heating terminal 912 contacts another end of
the heating element 926, such that an electric current can be
passed through the heating element 926.

As noted above, 1n some embodiments, thermally cou-
pling of the heating element 926 to the liquid transport
clement 914 may occur via embedding or partially embed-
ding the heating element 926 1n the liquid transport element
914. In other embodiments, thermally coupling the heating
clement to the liquid transport element may occur via “direct
writing,” which may comprise computer aided surface depo-
sition of specialized alloyed tlowable metals to a substrate.
In other embodiments, the heating element may be coupled
to the liquid transport element via plating, electroplating,
direct deposition (e.g., sputtering), and/or other suitable
methods.

As also shown 1n FIG. 23, in various embodiments, the
liquid transport element 914 may include an external elec-
trical connection 937, which may be the external component
of the electrical pathway between the heating terminals 910
and 912 and the heating element 926. In the depicted
embodiment, the external electrical connection 937 com-
prises a helical coil in and/or on the outer surface of the
liquid transport element 914. In various embodiments, the
external electrical connection may have functional charac-
teristics with regard to the thermal performance of the
heating element and liquid transport element. As with the
heating element described above, the external electrical
connection may be a directly written or partially embedded
clement.

In some embodiments, it may be desirable to decrease
thermal transier from the heating element to the device
(most directly via the atomizer housing) and therefor the
user, and/or to decrease thermal degradation of the device
(as discussed 1n this draft in regards to air cooling of
clectrical components), and/or to increase the efliciency of
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the heat generated by the heating element and applied to the
aerosol precursor composition to eflect mass transier of
precursor to aerosol or vapor (with associated efliciency
benefits such as decreased power consumption and increased
overall system etliciency). Thus, in some embodiments, the
external electrical connection may be comprised of a mate-
rial dissimilar in thermal conductivity to that of the liquid
transport element, thus creating a thermal gradient across the
liquid transport element with greater thermal conductivity
across the internal surface of the liquid transport element
than the external surface.

In some embodiments, the mass of the material could also
be utilized to effect an increased differential of the time delta
for heat transfer through the liquid transport element. In
addition, many processes including direct writing and those
mentioned above can by utilized to selectively alter the
characteristics of the liquid transport element. In addition,
the application ol concurrent or post-firing processes that
“dope” the surface of the material and can penetrate to
selected depths of the substrate depending on substrate
porosity, material composition, process and application are
possible approaches. In various embodiments, conductive
non-porous ceramic based materials could also be utilized
for the liquid transport element. In this regard, a thermal
gradient may exist across the cross-section of the liqud
transport element, with a substantially hotter area across the
internal surface of the liquid transport element to eflect
phase transition and mobilization of the precursor compo-
sition, with the external surface of the liquid transport
clement remaining relatively cooler serving to msulate and
isolate the heat to the atomization chamber.

Alternatively, 1t may be desirable to simply insulate the
direct region of the external electrical connection that makes
connection with the first and second heating terminals. In
such embodiments, the external electrical connection could
also serve as a restive heater itself. In this capacity, the
external electrical connection and the heating element may
have dissimilar resistance characteristics such that the exter-
nal electrical connection may help to overcome an 1nitial
thermal ramp required 1n the 1itial heating phase of a user
activation process. In such embodiments, the external elec-
trical connection may not reach temperatures required for
mobilization of the precursor. Rather, the external electrical
connection may heat to a lower temperature than that of the
heating element. This could increase vapor product over
time by decreasing the time delta from activation to aerosol
generation. In this capacity the external electrical connection
may also warm the proximate precursor located in and
adjacent to the liquid transport element by decreasing the
viscosity of the precursor, facilitating increased transport to
the liquid transport element.

FI1G. 24 illustrates an 1sometric view of the tflow director
916 for use with the atomizer 900. FIG. 25 illustrates a
cross-sectional view of the flow director 916. In various
embodiments, the flow director 916 may generally have a
“T” shape that includes an upper tlange 925 and a lower
cylinder 927. The flow director further includes a central
inlet air channel 928, a series of inlet air holes 930, a
transition barrier 931, and a series of mlet vapor holes 932.
The inlet vapor holes 932 lead to a series of radial vapor
channels 934 located 1n the upper flange 9235, which each
leads to a vertical vapor hole 936. The flow director also
includes a series of inlet liquid flow channels 938 located on
the upper tlange 925, which, when assembled with the liquid
transport element 914, abut a top surface thereof. It should
be noted that although the distal ends of the radial vapor
channels shown 1 FIG. 25 appear to extend through holes
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in an outer surface of the upper tlange 923, in such embodi-
ments, these holes are sealed or otherwise occluded so as to
create a direct flow path though the radial vapor channels
934 and into the vertical vapor holes 936 (see FIG. 26). In
other embodiments, the radial vapor channels may terminate
at the vertical vapor holes, such that there are no openings
along the outer surface of the upper flange.

Operation of an example embodiment of an aerosol
delivery device 1s described hereinafter 1n greater detail. As
noted above, the atomizer 900 may be engaged with the
control body 200, and, as 1llustrated in FIGS. 26 and 27 the
cartridge 800 may be engaged with the atomizer 900 such
that the atomizer 900 1s positioned between the control body
200 and the cartridge 800. However, as may be understood,
the atomizer 900, the control body 200, and the cartridge 800
may be arranged differently in other embodlments

In this regard, when the cartridge 800 1s coupled to the
atomizer 900 and control body 200, the nozzle 922 of the
atomizer 900 may be configured to engage with the dispens-
ing valve 806 of the cartridge 800. In such a manner, the
aerosol precursor composition 506 may tlow through the
cartridge 800 and into the nozzle 922 of the outer body 920
of the atomizer 900. Due to the relative position of the tlow
director 916 when coupled with the outer body 920 and via
capillary action, the aerosol precursor composition 506 may
be drawn through a series of radial flow openings 940 onto
the top of the upper flange 925 of the tlow director 916 (see
FIG. 26). From there, the aerosol precursor composition
may be drawn through the nlet liquid flow channels 938 that
extend vertically through the upper flange 925 of the flow
director 916, and onto the top surface of the liquid transport
clement 914 (see FIG. 27). In such a manner, an atomizer
chamber 942 is created on the 1nside of the liquid transport
clement 914, bounded by the flow director 916 and the
terminal base 908. In some embodiments, the aerosol pre-
cursor composition may be drawn through the inlet liquid
flow channels 938 onto an outside surface of the liquid
transport element 914 1n addition to or instead of the top
surface of the liquid transport element 914.

A connection between the control body 200 and the
atomizer 900 via the first and second heating terminals 910,
912 allows the control body 200 to direct electrical current
to the atomizer 900 when a pufl on the aerosol delivery
device 400 1s detected. In this regard, a longitudinal end of
the cartridge 800 opposite from the atomizer 900 may define
a mouthpiece. When the user draws on the mouthpiece, air
223 may be directed through the atomizer base 904 and the
atomizer air valve 906, and into the central inlet air channel
928 of the flow director 916. In particular, as the air 1s drawn
into the aerosol delivery device, the flow sensor 210 (see,
FIG. 2) may detect the draw. Thereby, the control body 200
may direct current through the heating terminals 910, 912 to
the atomizer 900. In some embodiments, the upstream air
223 may cool an electronic component before 1t flows nto
the central air channel 928 to reduce risk with respect to
temperature-related degradation thereof. As the atomizer
900 heats, the aerosol precursor composition 506 may be
vaporized by the heating element 926 via heating of the
liqguid transport element 914, which absorbs the aerosol
precursor composition 506 therein. Accordingly, the resul-
tant vapor or aerosol 646 may be produced on the inside
surface of the liqud transport element 914 and/or within the
atomizer chamber 942.

When the air 223 flows through the central inlet air
channel 928, it 1s directed through the series of first inlet air
holes 930 of the lower cylinder 927 by the transition barrier

931 (see FIG. 26) and 1nto the atomizer chamber 942 (i.e.,
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past the mside surface of the liquid transport element 914 )
where 1t becomes the vapor or aerosol 646. Due to the
geometry and relative arrangement of the tlow director 916
and the outer body 920, including a diverting feature 933 of
the outer body 920, which 1s configured to fit into and
occlude the central opening 1n the top of the flow director
916, the resultant vapor or aerosol 646 travels through the
series of radial vapor channels 934 in the upper flange 925
of the tlow director 916, up through the series of vertical
vapor holes 932, and through at least some of the plurality
of vapor apertures 924 in the outer body 920.

It should be noted that the “tortuous path” of the aerosol
through the upper tlange 925 of the tlow director 916 via the
inlet vapor holes 932, radial vapor channels 934, and vertical
vapor holes 936, may have the functional roll of creating a
series ol 1mpaction surfaces configured to capture aerosol
droplets outside of (1.e., larger) an optimal range. In such a
manner, droplets having a greater mass may not remain
entrained 1n the airtlow as the path makes 90 degree turns
through the inlet vapor holes 932, the radial vapor channels
934, and the vertical vapor holes 936 and may thus impact
within the upper flange 925, where they may drain back 1nto
the atomizer chamber 942.

FIG. 28 shows the flow of the vapor or aerosol 646
through the cartridge 800, leading to the central passageway
804. When the cartridge 800 1s coupled to the atomizer 900,
the circular vapor tlow groove 808 of the cartridge 800 1s
configured to substantially align with the plurality of vapor
apertures 924 of the outer body 920 of the atomizer 900. As
such, vapor or aerosol 646 flowing through the plurality of
vapor apertures 924 may be directed by the vapor flow
groove 808 1nto the vertical cartridge vapor channels 810. As
shown 1n the figure, the vertical vapor channels 810 lead to
respective horizontal vapor channels 812, which then lead to
the central passageway 804 of the cartridge 800.

As described above with reference to additional imple-
mentations, the cartridge 800 may include the aerosol pre-
cursor composition 306. By allowing for replacement of the
cartridge 800 without requiring replacement of the atomizer
900 at the same time, the cost associated with usage of the
acrosol delivery device may be reduced. In this regard, 1n
some embodiments the atomizer 900 may have a useable life
configured to atomize a quantity of aerosol precursor com-
position 506 contained 1n about two hundred to about three
hundred cartridges 800 before requiring replacement.

In contrast, the cartridge 900 may be configured to be
discarded after the aerosol precursor composition 506 1is
depleted therefrom. In this regard, the cartridge 800 may be
configured to prevent refilling thereof as similarly described
with respect to the embodiments illustrated above. For
example, FIG. 22 illustrates a bottom view of the cartridge
800. As 1llustrated, the dispensing valve 806 may define an
orifice 814 configured to guide and recerve the nozzle 922 of
the atomizer 900, as described above. As may be understood,
a user may attempt to refill the reservoir 802 with aerosol
precursor composition; however, the cartridge 800 may be
configured to resist refilling.

In this regard, the cartridge 800 may include one or more
protrusions 816 that extend inwardly from an area proximate
the vapor tlow groove 808, toward the dispensing seal 806.
As a result of the protrusions 816 protruding inwardly
toward the dispensing seal 806, a bottle nozzle or glass
dripper may not be able to form a face seal with respect to
the dispensing seal, which may be required to allow flow of
fluid through the dispensing seal. In this regard, the dispens-
ing seal 806 may define a valve that 1s closed 1n an unbiased
configuration and which open during engagement with the
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nozzle 922 when the cartridge 800 engages the atomizer
900. As a result of resisting the formation of seal with
respect to most bottle nozzles and glass drippers, the dis-
pensing seal 806 may thereby resist refilling of the reservoir
802. Further, by employing two or more of the protrusions
816 around the orifice 814, a width of any nozzle that may
engage the orifice 806 may be restricted to further limit the
type of nozzle that may extend through the orifice and/or
form a face seal therewith. In some embodiments the orifice
may define a diameter from about one millimeter to about
three millimeters, which may be too small for standard
e-liquid bottle nozzles or glass dropper tips to be inserted
therein.

Many modifications and other embodiments of the dis-
closure will come to mind to one skilled in the art to which
this disclosure pertains having the benefit of the teachings
presented 1n the foregoing descriptions and the associated
drawings. Therefore, 1t 1s to be understood that the disclo-
sure 15 not to be limited to the specific embodiments dis-
closed herein and that modifications and other embodiments
are intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they
are used 1n a generic and descriptive sense only and not for
purposes of limitation.

The mmvention claimed 1s:

1. A cartridge for use 1n an aerosol delivery device, the
cartridge comprising;:

a reservolr configured to contain an aerosol precursor

composition; and

an atomizer configured to vaporize the aerosol precursor

composition,

wherein the atomizer comprises a flow director that

includes a central inlet air channel and one or more

radial 1nlet air holes configured such that air that enters
through the central inlet air channel 1s directed through
the one or more radial inlet air holes,

wherein the flow director further comprises one or more

inlet vapor holes, and a transition barrier located
between the one or more 1nlet air holes and the one or
more inlet vapor holes such that air that enters through
the 1nlet air channel 1s directed through the one or more
radial inlet air holes by the transition barrier.

2. The cartridge of claim 1, wherein the flow director has
a “I”” shape comprising an upper flange and a lower cylin-
der.

3. The cartridge of claim 2, wherein the central air channel
and the one or more radial inlet air holes are located in the
lower cylinder.

4. The cartridge of claim 2, wherein the one or more radial
inlet air holes comprises a series of inlet air holes, and
wherein the one or more inlet vapor holes comprises a series
of 1nlet vapor holes.

5. The cartridge of claim 4, wherein the series of 1nlet air
holes and the series of inlet vapor holes are located in the
lower cylinder.

6. The cartridge of claim 4, wherein the series of inlet
vapor holes lead to a series of radial vapor channels.

7. The cartridge of claam 6, wherein the radial vapor
channels lead to series of vertical vapor holes.

8. The cartridge of claim 7, wherein the upper flange
turther defines a series of ilet liquid flow channels.

9. The cartridge of claim 1, wherein the atomizer further
comprises a liquid transport element.

10. A cartridge for use 1n an aerosol delivery device, the
cartridge comprising:

a reservolr configured to contain an aerosol precursor

composition; and
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an atomizer configured to vaporize the aerosol precursor

composition,

wherein the atomizer comprises a flow director that

includes a central inlet air channel and one or more
radial inlet air holes configured such that air that enters
through the central inlet air channel 1s directed through
the one or more radial inlet air holes,

wherein the flow director has a “T”” shape comprising an

upper flange and a lower cylinder,

wherein the one or more radial inlet air holes comprises

a series of inlet air holes, the flow director further
comprising a series ol inlet vapor holes, and

wherein the series of inlet vapor holes lead to a series of

radial vapor channels.

11. The cartridge of claim 10, wherein the radial vapor
channels lead to series of vertical vapor holes.

12. The cartridge of claim 11, wherein the upper flange
turther defines a series of inlet liquid tflow channels.

13. The cartridge of claim 10, wherein the central air
channel and the one or more radial inlet air holes are located
in the lower cylinder.

14. The cartridge of claim 10, wherein the series of inlet
air holes and the series of inlet vapor holes are located 1n the
lower cylinder.

15. The cartridge of claim 10, wherein the atomizer
turther comprises a liquid transport element.

16. An aerosol delivery device comprising:

a cartridge; and

a control body, the control body being configured to

releasably engage with the cartridge, the cartridge

comprising:

a reservolr configured to contain an aerosol precursor
composition; and

an atomizer configured to vaporize the aerosol precur-
sor composition,

wherein the atomizer comprises a flow director that

includes a central inlet air channel and one or more
radial 1nlet air holes configured such that air that enters
through the central inlet air channel 1s directed through
the one or more radial inlet air holes,

wherein the flow director further comprises one or more

inlet vapor holes, and a transition barrier located
between the one or more 1nlet air holes and the one or
more mlet vapor holes such that air that enters through
the 1nlet air channel 1s directed through the one or more
radial inlet air holes by the transition barrier.

17. The aerosol delivery device of claim 16, wherein the
flow director of the cartridge has a “1” shape comprising an
upper tlange and a lower cylinder.

18. The aerosol delivery device of claim 17, wherein the
central air channel and the one or more radial 1nlet air holes
are located 1n the lower cylinder.
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19. The aerosol delivery device of claim 17, wherein the
one or more radial mlet air holes comprises a series of inlet
air holes, and wherein the one or more inlet vapor holes
comprises a series of inlet vapor holes.

20. The aerosol delivery device of claim 19, wherein the

series of ilet air holes and the series of inlet vapor holes are
located 1n the lower cylinder.

21. The aerosol delivery device of claim 19, wherein the
series ol inlet vapor holes lead to a series of radial vapor
channels.

22. The aecrosol delivery device of claim 21, wherein the
radial vapor channels lead to series of vertical vapor holes.

23. The aerosol delivery device of claim 22, wherein the
upper flange further defines a series of inlet liquid flow
channels.

24. The aerosol delivery device of claim 16, wherein the
atomizer further comprises a liquid transport element.

25. An aerosol delivery device comprising:

a cartridge; and

a control body, the control body being configured to

releasably engage with the cartridge, the cartridge

comprising:

a reservolr configured to contain an aerosol precursor
composition; and

an atomizer configured to vaporize the aerosol precur-
sor composition,

wherein the atomizer comprises a flow director that

includes a central inlet air channel and one or more
radial 1nlet air holes configured such that air that enters
through the central inlet air channel 1s directed through
the one or more radial inlet air holes,

wherein the flow director of the cartridge has a “T” shape

comprising an upper flange and a lower cylinder,
wherein the one or more radial inlet air holes comprises

a series ol inlet air holes, the flow director further

comprising a series of ilet vapor holes, and

wherein the series of inlet vapor holes lead to a series of

radial vapor channels.

26. The acrosol delivery device of claim 25, wherein the
radial vapor channels lead to series of vertical vapor holes.

277. The aerosol delivery device of claim 26, wherein the
upper flange further defines a series of inlet liquid flow
channels.

28. The aerosol delivery device of claim 25, wherein the
central air channel and the one or more radial inlet air holes
are located 1n the lower cylinder.

29. The aerosol delivery device of claim 25, wherein the
series of ilet air holes and the series of inlet vapor holes are
located 1n the lower cylinder.

30. The aerosol delivery device of claim 25, wherein the
atomizer turther comprises a liquid transport element.
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